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Introduction 

Abstract 

Aims: To evaluate the decontamination of Bacillus anthracis, Bacillus subtilis, 
and Geobacillus stearothermophilus spores on indoor surface materials using for
maldehyde gas. 
Methods and Results: B. anthracis, B. subtilis, and G. stearothermophilus spores 
were dried on seven types of indoor surfaces and exposed to approx. 
1100 ppm formaldehyde gas for 10 h. Formaldehyde exposure significantly 
decreased viable B. anthracis, B. subtilis, and G. stearothermophilus spores on all 
test materials. Significant differences were observed when comparing the reduc
tion in viable spores of B. anthracis with B. subtilis (galvan ized metal and pain
ted wallboard paper) and G. stearothermophilus (industrial carpet and painted 
wallboard paper). Formaldehyde gas inactivated ~50% of the biological indica
tors and spore strips (approx. 1 x 106 CFU) when analyzed after 1 and 7 days. 
Conclusions: Formaldehyde gas significantly reduced the number of viable 
spores on both porous and nonporous materials in which the two surrogates 
exhibited similar log reductions to that of B. anthracis on most test materials. 
Significance and Impact of the Study: These results provide new comparative 
information for the decontamination of B. anthracis spores with surrogates on 

indoor surfaces using formaldeh yde gas. • • 
•••••• • 
• • •••••• •••••• • • • • • • • • 

areas; however, toxicity, mated !tl confpatibiliJy, d' con-

Bacterial endospores are resistant to a wide-variety of 
treatments such as heat, desiccation, radiation, pressure, 
and chemicals (N icholson et al. 2000). This spore resist
ance is because of factors such as the spore coat, low 
water content in the spore core, and the rxl {3-type small, 
acid soluble spore proteins that protect spore DNA (Set
low and Setlow 1993; Nicholson et al. 2000; Setlow et al. 
2000). Various gaseous decontaminants (chlorine dioxide, 
hydrogen peroxide, formaldehyde, ethylene oxide) have 
been used for the inactivation of Bacillus spores (Spotts 
Whitney eta/. 2003) . Fumigants are advantageous for 
decontaminating large rooms or buildings because of the 
ease of dissemination and ability to contact large surface 

tamination contact time and ctJT!%trll:~tion, ~·~~It as 
ventilation requirements should b~ eC401lsidered. fqr • ~ach 
type of fumigant. Formaldehyd~ tis. a.known !ar•rnolen, 
which has limited its use as a de:Ont: minant; hCiwever, ••••• 
formaldehyde gas can be neutralized with ammooium 

···~·· carbonate to reduce the toxic potential of fo mJaldehyde. 
This neutralization process leads to the produ~d~n ~~ the 

white powder, hexamethylene tetramine, whieh bteomes 
deposited on the surfaces within the decontaminated area. 
However, if the formaldehyde is not completely neutral
ized at the time of administering the ammonium carbon
ate then there is the potential for formaldehyde gas to 
leach out of porous materials, thereby posing an addi
tional hazard. 
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Decontamination with aqueous and gaseous formalde
hyde has been used for many years in laboratory, medical, 
and industrial settings (Sweet 1971; Fink eta/. 1988; Cross 
and Lach 1990; Lach 1990). On a large scale, formaldehyde 
was used to decontaminate Gruinard Island, Scotland, after 
the British military conducted explosives testing with Bacil
lus anthracis spores during World War II (Inglesby et al. 
2002). More recently, formaldehyde vapor was used in 
decontaminating a mail sorting machine and stamping 
device from the US Department of justice mail facility in 
Landover, Maryland (Canter et al. 2005) . Formaldehyde 
has been shown to be effective in killing Bacillus spores, 
Mycobacterium bovis, and poliovirus (Sagripanti and 
Bonifacino 1996; Loshon et al. 1999; Munro et al. 1999). 
The mechanism by which formaldehyde kills Bacillus subtil
is spores is in part by DNA damage, and increases in DNA 
mutagenesis and DNA-protein cross-linking have also been 
observed (Loshon et al. 1999). 

Temperature, relative humidity, formaldehyde concen
tration, and formaldehyde adsorption onto surfaces are 
crucial factors contributing to the sporicidal activity of 
formaldehyde gas (vapor phase equilibrium concentration 
of formaldehyde; Munro et al. 1999). Formaldehyde gas 
sporicidal efficacy is directly proportional to its concen
tration at a relative humidity greater than 50o/o (Spiner 
and Hoffman 1971) . Munro et al. (1999) showed that the 
optimal decontamination conditions for Bacillus spores, 
M. bovis, and poliovirus were 66o/o relative humidity, a 
minimum temperature of 28°C, and 10·5 g paraformalde
hyde/ m3 (theoretical concentration of 8500 ppm). Surface 
porosity affects formaldehyde decontamination of Bacillus 
spores in which porous materials are more readily decon
taminated at a lower relative humidity than nonporous 
materials, which require a high relative humidity (Spiner 
and Hoffman 1971). Such differences in the relationship 
of relative humidity, surface porosity, and formaldehyde 
sporicidal efficacy may be because of formaldehyde 
adsorption, which increases with increasing relative 
humidity (Braswell et al. 1970). The formaldehyde 
adsorption onto surfaces is affected by the physical prop
erties of the surface material, relative humidity, and time, 
which are factors that should be considered when con
ducting a decontamination procedure with fo rmaldehyde 
gas (Braswell et al. 1970). 

The intentional release of B.anthracis spores in the mail 
led to contamination of the Hart Senate Building, mail 
handling and distribution facilities in Washington, D.C., 
Trenton, NJ, and other mail processing facilities. This 
contamination prompted extensive clean-up efforts and 
increased public awareness as well as a growing interest in 
B. anthracis (and other biological agents) detection meth
ods, sampling, and decontamination of indoor surfaces, 
rooms, and buildings (Canter 2005; Canter et al. 2005). 
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To date, most of the decontamination studies in the sci
entific literature have utilized surrogates for B. anthracis; 
therefore, more research is needed to evaluate appropriate 
decontamination technologies for the remediation of 
environments contaminated with B. anthracis spores, as 
well as generating correlative data between B. anthracis 
and surrogates (Spotts Whitney et al. 2003). 

A focus of the US Environmental Protection Agency 
that addresses the growing concerns of homeland security 
is performance verification testing of commercially avail
able technologies intended to decontaminate buildings 
contaminated with biological and chemical agents. One 
such technology, a hydrogen peroxide gas generator, was 
previously evaluated for decontamination efficacy against 
biological agents (Rogers et al. 2005). The results demon
strated that hydrogen peroxide gas significantly reduced 
viable B. anthracis, B. subtilis, and Geobacillus stearother
mophilus spores on various indoor surfaces materials in 
which efficacy appeared to be affected by material poros
ity. To date, there is currently no study evaluating the 
decontamination efficacy of formaldehyde gas against B. 
anthracis and surrogate spores deposited on indoor build
ing surfaces. Therefore, the purpose of this study was to 
utilize a laboratory-scale approach for comparing the 
decontamination of B. anthracis, B. subtilis, and G. stearo
thermophilus spores on porous and nonporous materials 
using a formaldehyde gas generator. 

Materials and methods 

Test organisms 

Spores of the virulent B. anthracis Ames strain were pre
pared using a BioFlo 3000 Fermentor and Bioreactor 
(New Brunswick Scientific Co., Inc., Edison, N), ~.,:;. 

• 
previously described (Rogers et al. 2005). Culture_s wer.e 
grown in Leighton-Doi Broth (BD. D~w~stic s:~~ms,• 

Sparks, MD, USA) in the fermento~ f01! aJ%prox. 24 h. at 
37°C. Spores were purified as previ01!sly df'#cribe~ 
(Rogers et al. 2005). Preparations h~v~:g ~5o/o rf1aHJe• 

spores with <So/o cellular debris were e~n1~rated, dilu~ 
in sterile water to approx. 1·0 ~ ~~~ ~fU ml-"1 ' •a•nC: 
stored at 2-8°C. B. subtilis and G. ~'ttr'~~tf!rmophilus ~re 

commonly used B. allthracis surrogates for deconta~iLJ!-. 

tion testing (Klapes and Vesley 1990; Sagripanti <ftld Bo
nifacino 1996; Setlow and Setlow 1996; Rutala et ~.-~9~;, 

K.hadre and Yousef 2001; Melly et al. 2002a; Sigwa•rth Ud 
Stark 2003). Stock suspensions of B. subtilis (ATCC 
19659) and G. stearothermophilus (ATCC 12980) spores 
were purchased from Apex Laboratories, Inc. (Apex, NC, 
USA) for thi.s study. Prior to use, these spore preparations 
were evaluated microscopically for refractility and debris; 
these preparations possessed >95o/o refractile spores with 
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<5% cellular debris. Samples from these stock cultures 
were enumerated, diluted to approx. 1·0 x 109 CPU ml- 1 

in sterile water, and stored at 2-8°C. 

Test materials 

Seven materials representing porous and nonporous 
indoor surfaces commonly found in buildings were used 
for testing (Rogers et al. 2005). These included ShawTek 
EcoTek 6 industrial carpet (Shaw Industries, Cartersville, 
GA, USA), bare pine wood, painted (latex, semi-gloss) 
concrete cinder block ASTM C90, glass ASTM C1036, 
white formica laminate with matte finish, galvanized 
metal ductwork, and painted (latex, flat ) wallboard paper. 
With respect to the inoculated surface, the industrial car
pet, bare pine wood, and painted concrete can be consid
ered porous, while the glass, decorative laminate, 
galvanized metal ductwork, and painted wallboard paper 
can be considered nonporous. Samples of each test mater
ial were cut from a larger piece of the representative 
materials to form 1·9 x 7·5 em coupons. Visual inspection 
of the physical integrity and appearance of the test mater
ial coupons was performed before and after decontamina
tion to detect any damage to the test materials. 

Decontamination procedure 

All testing was performed under Biosafety Level 3 condi
tions. The test coupons were cleaned by wiping with 70% 
isopropanol; autoclaving the materials prior to inocula
tion was not used in this study because of various dam
aging effects to the materials. Autoclaving resulted in the 
weave of the industrial carpet becoming unglued and fal
ling apart, the painted wallboard paper falling apart, the 
concrete becoming brittle and often crumbling, the lam
inate curling, and the grain of the bare pine wood swell
ing and changing the surface texture. These damaging 
effects prompted the use of the 70% isopropanol wipe to 
maintain consistency in preparing all of the materials 
prior to use. Each coupon was laid flat in a Biological 
Safety Cabinet (BSC) Class Ill, and contaminated with 
approx. 1·0 x 108 B. anthracis, B. subtilis, or G. stearother
mopllilus spores. For each test material, three coupons 
were used for decontamination, three coupons were used 
as controls (inoculated, not decontaminated), and two 
coupons were used as blanks (not inoculated). As des
cribed previously (Rogers et al. 2005), a micropipette was 
used to deliver spore suspensions (100 pi) to the surface 
of each coupon as small droplets and the coupons were 
allowed to dry overnight, undisturbed. The next day, the 
inoculated coupons intended for decontamination (and 
one blank) were transferred to a Plas-Labs Model 830-
ABC Compact Glove Box (Plas-Labs, lnc., Lansing, MI, 
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USA; volume of approx. 317 L) and the coupons were 
placed lying flat, inoculated surface side up on a wire rack 
lined with Pet-D-Fence Screening (New York Wire Co., 
Mt. Wolf, NY, USA) for support (Rogers et al. 2005). 

Biological indicators (BI) containing B. subtilis (ATCC 
19659) and G. stearothermophilus (ATCC 12980) and 
spore strips (SS) containing Bacillus atrophaeus (ATCC 
9372) were also used to evaluate decontamination. The B. 

subtilis and G. stearothermophilus BI consisted of approx. 
1·8 x 106 and 2·6 x 106 spores, respectively, on stainless 
steel disks sealed in Tyvek pouches (Apex Laboratories, 
Inc.), and the SS consisted of approx. 1·8 x 106 spores on 
filter paper strips sealed in glassine envelopes (Raven Bio
logical Laboratories, Omaha, NE, USA). For B. anthracis 
decontamination, three of each BI and SS were placed 
inside of the glove box during each decontamination test 
day. For B. subtilis and G. stearothermophilus decontam
ination, three of each respective BI and SS were placed 
inside of the glove box during each decontamination test 
day. Three of each Bl and SS not subjected to formalde
hyde gas were used as positive controls. 

The CERTEK Model #1414RH formaldehyde gas gener
ator/neutralizer (CERTEK, Inc., Raleigh, NC, USA) was 
used for the decontamination testing. The 1414RH unit 
generated formaldehyde gas by heating and depolymeriz
ing paraformaldehyde prills (91-93% purity; Hoechst Cel
anese Corporation, Dallas, TX, USA). A series of six 
nebulizers was mounted in the sidewall of the glove box 
to increase relative humidity. A port for the sampling of 
formaldehyde gas was added to the glove box as an addi
tional modification. Prior to the initiation of each experi
mental decontamination run, a leak test was performed 
on the glove box in which a negative pressure equivalent 
to two inches of a water column was generated by a 
vacuum pump in the glove box and mainta%!Wl. fcer a 
minimum of 2 min. Following this leak test, the decon
tamination cycle of the 14141H-l' was initiat~• ..;. the .... .~~....... . 
purposes of this testing, the op~ati~m§ paramete~s were 
provided by CERTEK, and in~uded 'emper41ture • ( 16-
320C), relative humidity (50-~~fo, ~ :parafoCifl!ltl~~yde 

concentration (10·5 g paraformaldt!J.y~~ per cubice ~eter 
of treated volume; approx. 850i~ .theoretirea,l •va~e), 
decontamination contact time I lOob), end neutralization ...... 
with ammonium carbonate. • • .,., .. 

For each decontamination run, the formaldenyoe con-
centration was measured inside the glove box %If {ea+-!ime 
using a fluorimetric method as previouslf dt!stribed 
(Kelly and Fortune 1994). This monitor was developed to 
measure formaldehyde concentrations within a range of 
approx. 1 ppb to 1 ppm. For the present study, the con
centration of formaldehyde within the glove box was 
much higher than 1 ppm; therefore, this monitor had to 
be modified to dilute the gas sample from the glove box 

1106 
© 2007 The Authors 

Journal compilation © 2007 The Soc1ety for Applied Microbiology, Journal of Applied Microbiology 103 (2007) 1104- 1112 



J .V. Rogers et a/. 

by 10 000-fold. To accomplish this, two identical systems, 
consisti ng of a calibrated mass flow controller (MFC; 

Sierra Instruments, Monterey, CA, USA) and a valveless 
rotating and reciprocating piston metering pump (Fluid 
Metering, Inc., Syosset, NY, USA), were connected to 

each other in series. Each dilution system was set to a 
10 ml min-1 flow rate, yielding a 100-fold dilution. The 
first system pulled 10 ml min-1 from the glove box, 

which was mixed with 990 ml min- 1 air gas stream from 
a gas cylinder controlled by the MFC. From the exhaust 
stream of the first dilution system, the second system 
pulled 10 ml min- 1

, which was also mixed with 
990 ml min- 1 air that was controlled by the second MFC; 
the sample from the glove box was then diluted 10 000-
fold. For approx. 1S min prior to operating the 1414RH 
unit, the glove box was monitored for background for
maldehyde concentration in ppm. Once a background 
baseline had been established, the 1414RH unit was oper
ated according to the operation manual for the CERTEK 
Model #1414RH. The formaldehyde concentration in the 
glove box was monitored in real-time throughout the 
complete operational cycle of the technology. Using a for
maldehyde standard (Sigma, St. Louis, MO, USA) and 
the known dilution factor, the formaldehyde concentra
tion in ppm in the glove box was determined. 

Sample processing and data collection 

The processing and data collection procedure was per
formed as previously described (Rogers et al. 200S) with 

slight modification. Briefly, formaldehyde gas-exposed, 
control unexposed, and blank coupons were placed in a 

SO ml tube containing 10 ml of 0·1% Triton X-100 
(Sigma) in sterile phosphate-buffered saline (PBS). The 
inoculated control (not decontaminated) and blank cou

pons were also placed in a SO ml tube containing 10 ml 
of sterile PBS with 0·1% Triton X-100. Spores were 
extracted by agitating tubes at 200 rev min-1 on an orbi

tal shaker for IS min at room temperature. Each tube 
was then heat-shocked at 6S°C for 1 h to kill vegetative 

bacteria, and 1·0 ml of each extract was removed and 
serially diluted from 10- 1 through 10-7 in sterile water. 

Spore viability was determined by dilution plating in 

which 100 J.ll of the undiluted extract and each serial 

dilution were plated onto tryptic soy agar plates (Remel, 

Lexena, KS, USA) in triplicate, allowed to dry, and incu

bated overnight at 37°C for B. anthracis, 3S°C for B. sub
tilis, and SS-60°C for G. stearothermophilus. Following 
18-24 h incubation, plates were enumerated and colony
forming units (CFU) ml- 1 was determined by multiplying 

the average number of colonies per plate by the reciprocal 

of the dilution. Data were expressed as the mean ± stand
ard deviation (SD) of observed CFU. For all samples tes-
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ted, the micro-organisms observed growing on TSA plates 
(B. anthracis, B. subtilis, or G. stearothermophilus) had the 

appearance of a homogenous mixture. Moreover, the 
identification of each organism was confirmed by com

paring the colony morphology from spores in the coupon 
sample extracts to that of the spore stock suspension 
when grown on TSA plates. 

Efficacy calculations and statistical analysis 

To calculate the efficacy of the decontamination treat
ment, the number of viable spores extracted from the 

decontaminated test coupons was compared with the 
number of viable spores extracted from the control cou
pons. Efficacy for biological agents was expressed in terms 
of a log reduction using the following equation: 

Log Reduction = log(N / N') 

where N is the mean number of viable organisms recov
ered from the control coupons (i.e., those not subjected 
to decontamination), and N' is the number of viable 
organisms recovered from each test coupon after decon
tamination. For decontaminated coupons where viable 
organisms were not detected, the efficacy was calculated 
as the log of the mean number of viable organisms recov

ered from the control coupons. Using the calculated log 
reduction for each test coupon, the mean (±SD) log 

reduction was calculated. Mean (±SD) percent recovery 
was calculated for each type of test material inoculated 
with each biological agent or surrogate by dividing the 
number of viable organisms extracted from the test sam
ple (decontaminated or nondecontaminated control) by 

the spore inoculum. 
For statistical comparisons, the two-way ANOVA and 

t-tests (SAS version 8·2, SAS Institute, Inc., Car¥.~<:,. 
USA) were used for data analysis. For each mater!al and 
species combination, log reduction was calculated ~. ~:-. •••••• • 
cribed above. The two-way ANOV A: wa~ ~sed to ass;ss 
main effects for each organism a~d test • mater~al an.d 

interactions were fitted to the log •rt:4t!t~~n datJ~ ~~se 

model was used to compare the mean• J.clft reducti~n j~r. 
each bacterial species tested, and cOt~J¥l"la the log• ~!ic-! 
tion in B. subtilis and G. stearothermo: hil:.S spores to. B. ••••• anthracis spores for each test material. The t-tests• or sta-.. , ... 
tistical contrasts were used for the comparisons, with no 

adjustment for multiple comparisons. The ANov.ot ~odel 

was fitted using the SAS GLM procedure. P :::; <10S M s 

used as the level for significance. 

Results 

In all tests, the formaldehyde concentration (as measured 

by the formaldehyde monitor) was maintained at approx. 
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Figure 1 Formaldehyde concentration measured inside the glove 

box. This figure represents the data collected for a single decontam
ination run from the start of gassing through neutralization . During 

the decontamination runs, the temperature ranged from 22- 23°C 
and the relative humidity ranged from 70- 75%. 

1100 ppm (Fig. I) with a relative humidity range of 70-
75% and a temperature range of 22-23°C during the 10-
h contact time. Prior to introduction of formaldehyde 
gas, a 5 min humidification of the decontamination 
chamber using a nebulizing system was performed. Once 
the relative humidity inside the glove box was greater 
than 70%, the formaldehyde gassing commenced for 
approx. I h. Following the 10-h contact time, neutraliza
tion was accomplished in approx. 30-60 min. Following 
all experimental decontamination runs, the test coupons 
were evaluated qualitatively for visible surface damage 
and no changes to any of the test materials were 
observed. However, a white powder film of hexamethyl
ene tetramine was formed and deposited on all surfaces 
and test materials inside the glove box following the neut
ralization step with ammonium carbonate. 

Exposure of test coupons contaminated with B. anthra
cis Ames, B. subtilis, or G. stearothermophilus spores to 
formaldehyde gas resulted in a reduction of viable spores 
that varied according to the type of the test material 
(Tables 1-3). The mean log reduction of detectable viable 
B. anthracis Ames spores ranged from 5·2 to 7·9 for all 
seven test materials (Table 1). For all seven test materials, 
the log reduction of detectable viable B. subtilis and G. 
stearothermophilus spores ranged from 6·0 to 8·0 and 5·7 
to 7·6, respectively (Tables 2 and 3). No viable organisms 
were detected in any of the blank samples. 

Statistical analysis of the data revealed that all mean 
log reductions were significantly different from zero 
(Tables 1-3), indicating that exposure to formaldehyde 
gas significantly reduced (P :5 0·05) the mean number of 
all three species of spores. In general, comparisons within 
each material indicated that the two selected surrogates 
had similar mean log reductions to B. anthracis. However, 
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Table 1 Decontamination efficacy of Bacillus anthracis Ames spores 

following formaldehyde exposure* 

Test material/ Total spores Log 

treatment recovered (CFU) % Recovery reduction 

Industrial carpet 

Control 1 ·0 ± 0· 37 X 1 0 7 11 ± 4·0 NA 

Formaldehyde 0 0 ~7 ·0 ± Ot 

Bare pine wood 
Control 4·0 ± 0·24 X 107 40 ± 2·4 NA 

Formaldehyde 0 0 ~7·6 ± Ot 

Painted concrete 
Control 5·8 ± 0·25 X 107 56± 2·5 NA 

Formaldehyde 2·2 ± 3·9 X 10 <0·0001 7-2 ± 1·1t 

Glass 

Control 5·1 ± 1·4 X 107 55± 15 NA 

Formaldehyde 0 0 ~7 ·7 ± Ot 

Decorative laminate 

Control 4·6 ± 0·60 X 107 45 ± 5·9 NA 

Formaldehyde 4·9 ± 5·8 X 10 <0·0001 6·5 ± 1·1t 

Galvanized metal ductwork 
Control 7·2 ± 1·5 X 107 71 ± 15 NA 

Formaldehyde 0 0 ~7·9 ± Ot 

Painted wallboard paper 

Control 1·5 ± 0·43 X 105 0·2 ± 0·05 NA 

Formaldehyde 0 0 ~5·2 ± Ot 

NA, not applicable. 
• Bacillus anthracis Ames spores were subjected to formaldehyde gas 

exposure and assessed for viability as described in the materials 
and methods. Each test material was inoculated with approx. 

1·0 x 108 CFU and dried overnight. Spores were extracted from the 

test materials and enumerated . Percent recovery and log reduction 
calculation were based on the number of detectable viable spores in 
the control and formaldehyde-treated samples. Values are expressed 
as mean ± SD from triplicate samples of each test material. 

tMean log reduction is significantly different than zero (P s 0·05). 

the mean log reduction in B. anthracis spores -:.~~ iigliifi-
• cantly lower (P :5 0·05) than the two surrogates on 
• • 

painted wallboard paper (Tabl's• ~ . 'l.n.d 3). :r~· t~Aean 
reduction in B. subtilis spores w<e; si~iOcantl y low<ir than 
B. anthracis on galvanized metal duawork, . whil; the 
mean log reduction in G. stearMvM4philus )~~r'M -was 
significantly lower (P :5 0·05) than~ ~~thracis ~r.Jpgus-

. 1 • • • 
tna carpet. • •: • • • • • • 

The BI and SS evaluated in. 11~~a~~l as a qu<tlitative 
decontamination assessment were partially in~1i~~t:~ by 
forma ldehyde gas where no growth was oeserved for 
~50% of all exposed Bl and SS as deterrnined:tfy. tht.lack 
of visibly cloudy liquid cultures at 1 and 7 day'!; poM:xpo
sure. For all Bl and SS, the percent number of positive 
samples increased from day one to day seven. The 
G. stearothermophilus Bl displayed the most resistance 
to decontamination in which approx. 17% and 50% 
of the samples were positive for growth at I and 7 days, 
respectively. 
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Table 2 Decontamination efficacy of Bacillus subtilis (ATCC 19659) 
spores following formaldehyde exposure* 

Test material/ Total spores Log 
treatment recovered (CFU) % Recovery reduction 

Industrial carpet 
Control 1·1 ± 0·08 X 108 88 ± 6·3 NA 
Formaldehyde 0 0 ~8·0 ± Ot 

Bare pine wood 
Control 1·2 ± 0·41 X 107 12·0 ± 3·9 NA 
Forma Ide hyde 1·1 ± 1·9 X 10 <0·0001 6·6 ± 0·88t 

Painted concrete 
Control 5·5 ± 0·43 X 107 52± 4·1 NA 
Formaldehyde 6·6 ± 5·8 X 10 <0·0001 6·0 ± 0·35t 

Glass 
Control 6·2 ± 2·2 X 107 50± 18 NA 
Formaldehyde 0 0 ~7·8 ± Ot 

Decorative laminate 
Control 5·5 ± 1·3 X 107 53± 12 NA 
Formaldehyde 2·2±3·9 x 10 <0·0001 B ± 0·78t 

Galvanized metal ductwork 
Control 7A±1·9 x 107 71 ± 18 NA 
Formaldehyde 1·9 ± 1·7 X 102 <0·001 6·2 ± 1·4U 

Painted wallboard paper 
Control 4·8 ± 1·2 X 107 39 ± 10 NA 
Formaldehyde 0 0 ~7·7 ± Ot,t 

NA, not applicable. 
*Bacillus subtilis spores were subjected to formaldehyde gas exposure 
and assessed for viability as described in the materials and methods. 
Each test material was inoculated with approx. 1·0 x 108 CFU and 
dried overnight. Spores were extracted from the test materials and 
enumerated. Percent recovery and log reduction calculation were 
based on the number of detectable viable spores in the control and 
formaldehyde-treated samples. Values are expressed as mean ± SD 
from triplicate samples of each test material. 
tMean log reduction is significantly different than zero (P s 0·05). 
tMean log reduction is significantly different (P s 0·05) than the cor
responding mean log reduction for Bacillus anthracis presented in 
Table 1. 

Discussion 

The results of this study show that a 10-h exposure to 

formaldehyde gas resulted in significant reduction in B. 
anthracis, B. subtilis, and G. stearothennophilus spores 
dried on various porous and nonporous materials. The 

observed log reduction in viable spores for the three 
organisms inoculated on all test materials evaluated were 

>6·0, with the exception of B. anthracis on painted wall
board paper and G. stearothermophilus on industrial 

carpet. These results suggest that when using the decon
tamination parameters outlined in this study, material 
porosity did not appea r to affect decontamination efficacy 

of formaldehyde gas. 
As with previous studies (Braswell et al. 1970; Hoffman 

and Spiner 1970; Spiner and Hoffman 1971; Sweet 1971; 
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Table 3 Decontamination efficacy of Geobacillus stearothermophilus 
(ATCC 12980) spores following formaldehyde exposure* 

Test material/ T ota I spores Log 
treatment recovered (CFU) %Recovery reduction 

Industrial carpet 
Control 1·5±0·19 x 107 17 ± 2·2 NA 
Formaldehyde 1·2±1·2 x 102 <0·001 5·7 ± Bt.t 

Bare pine wood 
Control 6·6 ± 1·6 X 106 9·0 ± 2· 1 NA 
Formaldehyde 0 0 ~6·8 ± Ot 

Painted concrete 
Control 1·9 ± 0·60 X 107 27 ± 8·2 NA 
Formaldehyde 0·61 ± 1·1 X 103 <0·001 6·2 ± 1·9t 

Glass 
Control 1·7 ± 0·05 X 107 20 ± 0·51 NA 
Formaldehyde 0 0 ~7·2 ± Ot 

Decorative laminate 
Control 1·3 ± 0·59 X 107 18 ± 8·1 NA 
Formaldehyde 0 0 ~7·1 ± Ot 

Galvanized metal ductwork 
Control 4·3 ± 4·8 X 107 59± 66 NA 
Formaldehyde 0 0 ~7·6 ± Ot 

Painted wallboard paper 
Control 1·5 ± 0·20 X 107 17 ± 2·3 NA 
Formaldehyde 0 0 ~7-2 ± Ot.:t 

NA, not applicable. 
*Geobacillus stearothermophi!us spores were subjected to formalde
hyde gas exposure and assessed for viability as described in the mate
rials and methods. Each test materia l was inoculated with approx. 
1·0 x 108 CFU and dried overnight. Spores were extracted from the 
test materials and enumerated. Percent recovery and log reduction 
calculation were based on the number of detectable viable spores in 
the control and formaldehyde-treated samples. Values are expressed 
as mean ± SD from triplicate samples of each test material. 
tMean log reduction is significantly different than zero (P s 0·05). 
:tMean log reduction is significantly different (P s 0·05) than the cor
responding mean log reduction for Bacillus anthracis pres~nted i~ 

~b~1. • ••••• 
• 
• • •••••• •••••• • 

Ackland et al. 1980; Canter et al. 20~5), : strn ilar start~ng 
paraformaldehyde concentration (lO'!i g pef cubic .mete!J 
was used in this study to yield a thM~ti~<O vapoC ~M~· 
concentration of approx. 8500 ppm fo1Jilafciehyde aas.i.D. 
the decontamination chamber. Most-M:t~tl~s in thl irei~n-! 

• • 
tific literature express formaldehy1e_ ::.oreentrations . in 
terms of the theoretical value without secondary c8nfirnt-•••••• 
atory measurements of the formaldehyde in th~ vapor 

phase. Within an enclosed system, the vapor phat•~qll! -. 

librium concentration of formaldehyde at 20-! 1 °C' '\s 

2·0 g per cubic meter, which coverts to 1628 ppm 
(Ackland et al. 1980). When exceeding this vapor phase 
equilibrium concentration, condensation can occur on 

the surfaces; however, the vapor phase equilibrium con

centration of formaldehyde increases with increasing tem
perature (Ackland et al. 1980). In our study, we measured 
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an average of approx. 1100 ppm formaldehyde in the 
vapor phase, which is similar to a previously reported 
value of 1·75 g per cubic meter, or 1425 ppm (Ackland 
et al. 1980). Furthermore, Ackland et al. (1980) utilized a 
controlled fumigation approach to assess optimal vapor 
phase formaldehyde levels without exceeding the vapor 
phase equilibrium concentration, thereby resulting in 
condensation within the decontaminated area. This infor
mation can be advantageous for potentially implementing 
formaldehyde gas decontamination of large areas, such as 
buildings. 

The majority of the data available for Bacillus spore 
decontamination are derived from using avirulent B. an
thracis strains or surrogates, such as B. subtilis. Under 
controlled conditions, surrogates selected for decontam
ination studies should result in comparable performance 
data to that of B. anthracis. Previous work by Rogers 
eta/. (2005) demonstrated statistically significant differ
ences in decontamination efficacy of hydrogen peroxide 
gas between B. anthracis Ames, B. subtilis, and G. stearo
thermophilus spores on the same indoor surface materials 
evaluated in the present study. Statistical analyses were 
made to compare the decontamination efficacy of formal 
dehyde gas for B. anthracis and the surrogate spores on 
all test surfaces evaluated. In general, the two surrogates 
exhibited similar log reductions to that of B. anthracis; 
however significant differences were observed when com
paring the reduction in viable spores of B. anthracis with 
B. subtilis on galvanized metal and painted wallboard 
paper, and G. stearothermophilus on industrial carpet and 
painted wallboard paper. These results suggest that for 
most of the test materials there did not appear to be a 
difference in spore killing, suggesting the decontamination 
efficacy of formaldehyde gas for both surrogates appeared 
to reflect that of B. anthracis. 

The mean log reduction in B. anthracis spores on pain
ted wallboard paper was significantly lower than both B. 
subtilis and G. stearothermophilus spores. The mean per
cent recovery of viable B. anthracis spores (based on the 
nondecontaminated controls) was 0·2%, while the mean 
percent recovery of viable B. subtilis and G. stearothermo
philus spores on painted wallboard paper was approx. 
39% and 17%, respectively. No countable B. anthracis 
CFU were observed from the dilution plating of spores 
extracted from painted wallboard paper exposed to for
maldehyde gas. Previously, we observed a recovery rate of 
B. anthracis spores on painted wallboard paper of 7·7% 
(Rogers eta/. 2005), which is higher than the value repor
ted in the present study. Although there is a difference in 
these two values, a log reduction value for painted wall
board paper was calculated and statistical comparisons 
made between B. anthracis and the two surrogates. The 
significantly lower log reduction in B. anthracis spores for 
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the painted wallboard paper results from the low spore 
recovery; therefore, the calculated value may not reflect 
the full extent of B. anthracis spore inactivation by for
maldehyde on painted wallboard paper. 

Growth assessments of various BI are often used to 
qualify decontamination performance (Heckert et a/. 
1997; Sigwarth and Moirandat 2000; Sigwarth and Stark 
2003; French et a/. 2004; Johnston eta/. 2005; Rogers 
eta/. 2005). In the present study, a qualitative evaluation 
of the performance of the 1414RH unit was accomplished 
using Bl and SS containing spore loads of approx. 
1·0 x 106 spores. For all decontamination runs, the non
decontaminated control BI and SS displayed growth 
(cloudy cultures) in the liquid cultures at both I and 
7 days. The Bl and SS exposed to formaldehyde gas were 
partially inactivated (2:'50o/o for all tests) where the num
ber of samples exhibiting growth varied among the dates 
of experimentation in which no clear trend was observed 
between decontamination runs. However, it is interesting 
to note that the number of positive samples increased 
from day one to day seven. Formaldehyde has a relatively 
poor penetration capacity (Hoffman and Spiner 1970); 
therefore, the Tyvek and glassine pouches in which the Bl 
and SS were sealed may have partially inhibited the pen
etration of formaldehyde through the pouches where it 
could reach the spores. This inhibition could play a role 
in preventing complete inactivation of the Bl and SS, 
supporting our observations of incomplete kill of BI and 
SS at 1 and 7 days. Another factor contributing to this 
partial inactivation of BI and SS could be because of the 
difference in spore carrier materials (stainless steel disks 
vs paper), which can affect the performance of Bl (Shin
tani and Akers 2000; Johnston et al. 2005). Similar results 
have been reported where the results of BI decontamin
ated with formaldehyde gas did not parallel t~eiili~~va
tion of Bacillus spores dried on stainless • steel test 

• • 
materials (Munro eta/. 1999). • • • • • • : • • • • • 

Spore production condition~ h~t ! shock, an.d the 
mechanism of spore depositio~ ont~ surf~ces ~ould 

potentially contribute to the spUe!t'n~:tivatio~•~J1s~fved 
in this study. Methods for produc!~ ~pores Ci\ U~ ¥ary 
between laboratories and differ!!OCeso •n incub~iiiln tlm-• . 
perature and growth medium ci~ ;~~\fence spore• resist-
ance to decontamination (Palop eta/. 1999% .<;~z:~ier 
eta/. 2001; Melly eta/. 2002b). The presence "or absence 
of debris in spore preparations can also influe4~.th~;ate 

at which formaldehyde gas inactivates spore!, es~~cially 
on nonporous surfaces (Spiner and Hoffman 1971). How
ever, the spore preparations used in this study exhibited 
little to no debris and greater than 95% spore refractility 
under phase contrast microscopy, suggesting the effect of 
spore cleanliness on formaldehyde decontamination in 
this study was probably not a factor. The heat shock step 
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implemented in this study could have also contributed to 
spore killing following formaldehyde gas decontamination 

and spore extraction from the material coupons. This is 
possible as B. subtilis spores pretreated with decontamina

ting agents were more sensitive to killing by subsequent 

incubation at 84°C (Cortezzo et al. 2004). Another factor 
that could potentially influence formaldehyde decontam
ination efficacy is the method of spore deposition. In this 

study, spores were delivered to the material surfaces as 
droplets from an aqueous suspension that subsequently 
dried. In 2001 intentional release of B. anthracis spores in 
the mail, the spores were delivered as a dry, fine powder 

aggregate. It is possible that the spore preparation and 

delivery mechanism of a fine powder could affect the 
decontamination efficacy of formaldehyde gas compared 
with the spores that are delivered as an aqueous suspen
SIOn. 

This study demonstrates the decontamination efficacy 
of formaldehyde gas for spores of B. anthracis Ames and 
the two surrogates B. subtilis and G. stearothermophilus 
dried on indoor surface materials. The formaldehyde gas 
exposure demonstrated a significant reduction in spores 
on all materials evaluated. The current assessment for 
effective remediation is no growth of B. anthracis spores 
from all postremediation sampling; however, the potential 
exists for the establishment of risk-based clean-up levels 
resulting from dose-response assessments and avai lability 
of methodologies for measuring B. anthracis spores on 
surfaces (Canter 2005). Ultimately, there will need to be 
an acceptable level of reduction in spores (e.g., 6 logs or 
complete kill) prior to the safe re-entry of personnel back 
into a building or environment that has been decontam

inated. 
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Among its responsibilities related to Homeland Security, the U.S. Environmental Protection 

Agency (EPA) has the goal of identifying methods and equipment that can be used for 

decontaminating indoor environments, following a terrorist attack on a building us ing chemical 

or biological agents. In January 2003, EPA established the National Homeland Security Research 

Center (NHSRC) to manage, coordinate, and support a wide variety of homeland security 

research and technical assistance efforts. The Safe Buildings Program, a key research component 

of the NHSRC, has the aim of verifying the performance of products, methods, and equipment 

that can decontaminate chemical or biological agents on indoor surfaces or in indoor air. 

To accomplish this aim, the EPA has expanded the scope of its Environmental Technology 

Verification (ETV) program. The ETV process, which has been used since 1997 to verify the 

performance of over 200 environmental technologies, includes developing a test/quality 

assurance (QA) plan with input from stakeholders and vendors, applying high-quality test 

procedures according to that plan, and publicizing separate performance reports for each 

technology verified. The ETV process does not rank, select, or approve technologies, but instead 

provides credible performance data to potential users and buyers. Other information about the 

program is available at the ETV Web site (http://www.epa.gov/etv) and through the NHSRC 

Web site (www.epa.gov/nhsrc). 

In expand ing the ETV program to address homeland security needs, the EPA established the 

ETV Building Decontamination Technology Center, which is managed by Battelle, of • • •••••• • 
Columbus, OH, under contract with EPA. Verification testing of decontamination technolo~~~~ .:. •••••• • • • • 
in the Center generates objective performance data so building and facility man~gefS, first • 

• • 
responders, groups responsible for building decontamination, and other technol~g: iJtiYers ana .•. 

• • • ••• 
users can make informed purchase and application decisions. Verification tests &tfiwnduct~dJn : 

• • 
the Center in accordance with the ETV process, under the direction of the EPA.•t-.1h~rific~tiori • 

•••••• 
activities are subject to the Quality Management Plan (QMPi 1l and the generic verification• 

•• • • • • • •• 
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protocol<2l for the Center. In performing each verification test, Battelle follows the procedures 

described in those documents and develops a separate test/QA plan appropriate for the 

decontamination technology being tested. This document is the test/QA plan for verification 

testing of decontamination technologies that use formaldehyde vapor as the decontaminating 

agent. 

1.2 Test Objective 

The objective of this test/QA plan is to establish laboratory test procedures to determine the 

efficacy of formaldehyde vapor decontamination technologies for removing or inactivating 

chemical and biological agents and surrogates on a range of representative indoor surfaces. 

1.3 Organization and Responsibilities 

Verification testing under this test/QA plan will be performed by Battelle under the direction of 

EPA, with input from expert stakeholders and decontamination technology vendors. The 

organization chart in Figure 1-1 shows the organizations and individuals who will have 

responsibilities under this plan. The responsibilities of these organizations and individuals are 

summarized in the following subsections. Details are provided for the test coordinator, the 

technology vendor, and the test leaders, who are the most involved in conducting the verification 

testing. 

1.3.1 Battelle 

Dr. Michael L. Taylor is the Verification Testing Leader for the ETV Building 
• • 

Decontamination Technology Center. He will have overall responsibility for ensuring that t~ ···· 

technical , schedule, and cost goals established for verification testing are met, au~ .tltii! the !•••:• 
• • • 

verification process employed for testing is consistent with Center and ETV pr~ra~ ~uideline~. 
• • •••••• •••••• For this test, Dr. Taylor will serve as the interface for the Center stakeholder com!f! itt~e. • 

•• 
••••• • • • • ••••• 

• ••• • • • •• • 
• 

• • •••••• • 
•• • • • • • •• 
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Shirley Wasson 
EPA 

Quality Manager 

Decontamination 
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l 
Carol Sabourin 

Biological Testina ........ 
• • • • • • • 
•••••• • • • • •• 
••••• • • • • •• • • • 

• • •••••• • 
• • •••••• • 

• 
• • •••••• • 
• ••• • • • •• • 

• 
Figure 1-1. Organization Chart for Formaldehyde Vapor 

Decontamination Technology Verification Test 
• • •••••• • 
•• • • • • • •• 
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Ms. Karen Riggs is Battelle' s Manager for the contract under which the ETV Building 

Decontamination Technology Center was established. Ms. Riggs will maintain communication 

with EPA' s Task Order Project Officer (TOPO) on all aspects of the program; monitor adherence 

to budgets and schedules in this work; and ensure that necessary Battelle resources, including 

staff and facilities , are committed to the verification test. 

Mr. Zachary Willen berg is Battelle' s Quality Manager for the ETV Building Decontamination 

Technology Center. He will review the draft test/QA plan, audit at least 10 percent of the 

verification data, and ensure that all quality procedures specified in this test/QA plan and in the 

QMP(I) are followed . Ms. Elisha Morrison will assist Mr. Willenberg and serve as Battelle' s 

Biological Testing QA Coordinator. 

Mr. Daniel Janke is Battelle' s Verification Test Coordinator for this test. His responsibilities 

include 

• Selecting the appropriate facility or location for the testing 

• Coordinating vendor representatives to facilitate the performance oftesting 

• Preparing the draft test/QA plan, verification report, and verification statement 

• Arranging for use ofthe test facilities and establishment of test schedules 

• Selecting qualified staff to conduct the tests 

• Assuring that testing is conducted according to this test/QA plan 

• Providing input into revision of the test/QA plan, verification report, and verification 

statement in response to reviewers ' comments 

• Updating the Battelle Center Manager and Verification Testing Leader on progress and 

difficulties in planning and conducting the test 

• Coordinating with the Battelle Quality Manager for the performance of technical an<t ••• : • 
• 

performance audits as required by Battelle or EPA Quality Management staff. • • •••••• • •••••• • • • • • • • 
The chemical and biological test facilities at Battelle will serve as the location f~r the lestimr • ....... 'i····· • • • 
described in this test/QA plan. These facilities are described in Section 3 of this prtul.13iologLcaJ •• 

• • • • • • •• • • 
testing will be led by Dr. Carol Sabourin; chemical testing will be led by Mr. Gar:t Stickel. In • • 

••••• 
general , the responsibilities of the test leaders will be to • • •••••• • 

•• • • • • • •• 



• Assist in planning and scheduling the testing 
• Become familiar with the use of the technology to be tested 
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• Ensure that the facility is fully functional prior to the times/dates needed for 

verification testing 

• Provide requisite technical staff during verification testing 

• Provide any safety training needed by Battelle, vendor, or EPA staff 

• Adhere to the requirements of this test/QA plan and the QMP(I) in carrying out the 

verification testing 

• Support Mr. Janke in responding to any issues raised in assessment reports and audits 

related to facility operation. 

Mr. Will iam J. Ritter, the Facilities Manager, reviews and approves data and records related to 

facility operations. Mr. Ritter will: 

• Review and approve all data and records related to facility operation 

• Provide input on facility procedures for the verification report 

1.3.2 Vendor 

The decontamination technology vendor will 

• Provide input for preparation of the test!QA plan 

• Review the draft test/QA plan, and approve the final version 

• Sign a vendor agreement specifYing the respective responsibilities of the vendor and of 

Battelle in the verification testing 

• Provide the necessary materials and equipment to implement the decontamination 

technology for testing 

• Train Battelle and/or test facility staff in the application ofthe decontamination 

technology 

• Provide support, if needed, in use ofthe technology during testing 
•••••• • • • • • • • • 

• • •••••• • 
• • •••••• • 

• 

• Review the draft verification report and verification statement resulting ~ "l:~stingr • • •: • 
• • •• 

••••• • • • • ••••• 

• ••• • • • •• • 
• 

• • •••••• • 
•• • • • • • •• 
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1.3.3 EPA 
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Dr. John Chang is EPA ' s TOPO for the ETV Building Decontamination Technology Center. 

As such, Dr. Chang will have overall responsibility for directing the verification process and 

Battelle's activities, and will oversee the EPA review process on the draft test/QA plan, 

verification report, and verification statement. 

Ms. Shirley Wasson is EPA's Quality Manager for the ETV Building Decontamination 

Technology Center. Ms. Wasson will lead EPA's QA oversight on this verification, including, at 

her option, one external technical systems audit during verification testing. 

1.3.4 Stakeholders 

Approximately 25 experts from the first responder community, federal and state agencies, 

military agencies, and academia serve as volunteer advisors to the ETV Building 

Decontamination Technology Center. Battelle Center staff communicate with these stakeholders 

regularly by e-mail or telephone and meet periodically with the stakeholder committee and the 

EPA TOPO. The responsibilities of assigned stakeholders from this committee for testing are to 

provide input on test procedures for preparation of the test/QA plan, review the draft test/QA 

plan, and serve as peer reviewers for the verification report. 

•••••• • • • • • • • • 
•••••• • • • • •• 
••••• • • • • ••••• 

• • •••••• • 
• • •••••• • 

• 
• • •••••• • 
• ••• • • • •• • 

• 
• • •••••• • 
•• • • • • • •• 
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2.0 APPLICABILITY 

2.1 Subject 
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This test/QA plan is applicable to verification testing of decontamination technologies that 

generate formaldehyde vapor to decontaminate indoor surfaces contaminated by chemical or 

biological agents. This plan is specifically focused on restoring a public building to a usable state 

after a contamination episode. Decontamination of personnel or equipment is not the subject of 

this test/QA plan. 

The decontamination technologies to be tested under this plan are based on dispersion of 

formaldehyde vapor into indoor spaces. Because formaldehyde is not stable as a compressed gas, 

it must be produced on site. Thus, these technologies include the equipment and chemicals for 

generating and dispersing the formaldehyde vapor. Formaldehyde vapor decontamination 

technologies may require specific temperatures and humidity levels that enhance the 

effectiveness of the decontamination process. Formaldehyde treatment may involve parallel use 

of systems to achieve the optimal temperature and relative humidity in the space to be 

decontaminated. 

The chemical and biological agents that may pose a threat in the building environment include 

toxic industrial chemicals (TICs), chemical warfare (CW) agents, and biological warfare (BW) 

agents (including biotoxins). The chemical and biological agents selected for use in the testing 

described herein were chosen based on a brief threat summary (J) developed from general 

opinions of Battelle experts, with additional input from stakeholders. In the context of 

decontamination, the contaminants of interest for this plan are those that can persist on indo~r • •••••• • 
surfaces, leading to continuing chance of exposure long after the contamination occurs. Thui, • 

•••••• •••••• • 
highly volatile TICs and CW agents are not included in testing under this plan b~caOse they can. 

• • 
be readily removed by ventilation ofthe building. By the same logic, a highly pe~!tqlt !···=· 

• • 
biological contaminant (anthrax spores) was selected for testing, as opposed to biol~trical ast!n~·: •••• i' • • • 

• • 
that cannot survive for long after the contamination event. •• : •• • • 

• • •••••• • 
•• • • • • • •• 
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The indoor surfaces selected for testing under this plan represent those that must be 

decontaminated to return a building to use, and do not include those that might simply be 

removed from the building for disposal. Highly porous, non-structural materials, such as ceiling 

tiles, cloth-covered furniture and cubicle walls, and draperies, are among those that were deemed 

likely to be removed from a building for disposal; consequently, those materials are not 

considered as priority test substrates in this verification plan. Structural materials such as 

wallboard, painted concrete, metal ductwork, and wood and surfaces of furnishings, such as 

laminate, are considered essential candidate substrates. Carpeting is also included, as a porous 

material that could possibly be left in a building for decontamination. 

Verification testing requires a basis for establishing the quantitative performance of the tested 

technology. For the testing conducted under this test/QA plan, quantitative performance is 

assessed primarily in terms of the efficacy of decontamination. For this assessment, sampling 

and analysis methods are used to determine the extent of contamination before and after the use 

ofthe decontamination technology. 

2.2 Scope 

The overall objective of the testing called for under this plan is to verify the efficacy of the 

formaldehyde vapor decontamination technologies, for removing selected chemical and 

biological agents from representative indoor surfaces. Testing of each technology is to be 

conducted at temperatures and relative humidities that would be appropriate for that technology 

in a building undergoing decontamination. 

The performance parameters to be evaluated in verification testing under this test/QA plan 

include • • •••••• • 
• 
• 
• 

Efficacy in destroying chemical agents and surrogates on selected indoor surfaces • •••••• •••••• • 
Efficacy in destroying biological agents and surrogates on the same ~doo~surfaces • 

• • 
Generation of toxic degradation products from interaction of the deconla~nant Wit~ • • • • •• 
the target agents. • •••• 

• • • • ••••• 

• ••• • •• •• • 
• 

• • •••••• • 
•• • • • • • •• 
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Efficacy will be tested by applying chemical and biological agents and surrogates to test 

surfaces, and comparing the residual contamination after use of the decontamination technology 

to the contamination originally present. Generation oftoxic degradation products will be 

determined by analysis of the residual contamination for specific degradation products. In 

addition, any apparent destructiveness of the decontaminant to test surfaces will be assessed by a 

simple visual inspection before and after use of the decontamination technology. 

Under this test/QA plan, verification of formaldehyde vapor decontamination technologies can 

include testing with both chemical and biological agents. These components of the complete test 

are separate, and can be carried out at different times if necessary. Either the chemical or 

biological agents can be excluded from testing if no efficacy is expected. If these components are 

conducted separately, they may be the subjects of separate ETV verification reports. 

•••••• • • • • • • • • 
•••••• • • • • •• 
••••• • • • • ••••• 

• • •••••• • 
• • •••••• • 

• 
• • •••••• • 
• ••• • • • •• • 

• 
• • •••••• • 
•• • • • • • •• 
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3.0 TEST SITE 

Verification testing of formaldehyde vapor decontamination technologies will be conducted at 

Battelle's chemical and biological test facilities in West Jefferson, Ohio, near Battelle' s 

headquarters in Columbus, Ohio. The following sections describe the West Jefferson facilities. 

The testing will be subject to facility-specific methods and standard operating procedures (SOPs) 

as noted in this test/QA plan, and are required for work at each facility. These documents are 

cited where appropriate throughout this test/QA plan. 

3.1 Site Description 

Battelle' s chemical and biological test facilities to be used for verification testing are 

• The Hazardous Materials Research Center (HMRC), a Department of Defense (DoD) 

laboratory-scale facility conducting research with CW agents 

• Medical Research and Evaluation Facility (MREF), which is a second DoD 

laboratory-scale facility conducting research with CW and BW agents. 

The HMRC is an ISO 9001 certified facility and provides a broad range of materials testing, 

system and component evaluation, research and development, and analytical chemistry services 

that require the safe use and storage of highly toxic substances. Since its initial certification by 

the Chemical Research, Development and Engineering Center in 1981 , the facility has 

functioned as both a research and a technology development laboratory in support of DoD 

chemical and biological (CB) programs. The HMRC and its personnel have the demonstrated 

capability for storing and safely handling BZ, tabun (GA), sarin (GB), soman (GD), thickened 

GO (TGD), sulfur mustard (HD), thickened HD (THO), lewisite (L) mustard-lewisite mixtures 

(HL), V-agent (VX), and other hazardous materials and toxins, such as arsine (SA), cyanog~Q •• : • 
• 

chloride (CK), hydrogen cyanide (AC), phosgene (CG), perfluoroisobutylene, as well as ag~IJt .:. 
•••••• • 

simulants, Class A poisons, and toxins (e.g. , T-2 toxin). : : : • 
• • •••••• •••••• • • • 

The HMRC complex has approximately 10,000 sq ft of laboratory and support sp~•<i:It incl~dc;~ . 
••••• 

the Hazardous Materials Laboratory and the Large Item Test Facility, which provtde : 
••••• 

• • • •• • 
• 

approximately 2,000 sq ft of laboratory space and 100 linear ft ofChemical Surety Materia% ••• : • 
• 
•• • • • • • •• 
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(CSM)-approved filtered hoods for working with neat (pure) CW agents; about 630 sq ft of 

research dilute solution (RDS, diluted chemical agent) laboratory space, including four fume 

hoods; approximately 2,100 sq ft of laboratory support areas, including wastewater and general 

laboratory waste disposal, environmental monitoring, emergency power supplies, air filter 

systems, and general equipment storage room; and about 800 sq ft of staff support areas, 

including personnel showers, change rooms, laundry facilities, and other common use areas. 

The MREF specializes in the research, development, test, and evaluation (RDT&E) of medical 

countermeasures against highly pathogenic biological and highly toxic chemical materials. This 

facility is one of a very limited number of U.S. laboratories capable of studying aerosolized 

etiological agents in animal models under BSL-3 containment. The facility maintains state-of

the-art equipment and professional and technical staffing expertise to safely conduct in vivo 

testing and evaluation of hazardous biological materials under the Food and Drug 

Administration·s (FDA 's) GLP Guidelines (21 CFR Part 58). 

The MREF facilities are ISO 900 I certified, accredited by the American Association for the 

Accreditation of Laboratory Animal Care (AAALAC), and inspected and compliant with the 

U.S. Department of Agriculature (USDA), FDA, Drug Enforcement Agency, Ohio EPA, U.S. 

Army Safety Team, U.S. Army Inspector General, U.S. Army Medical Research Institute of 

Chemical Defense Safety and Chemical Operations Branch, U.S . Army Medical Research and 

Materiel Command Office of Animal Care and Use Review, Madison County Health 

Department, and Battelle' s Institutional Animal Care and Use Committee. The MREF fully 

complies with all applicable U.S. Army Regulations, and federal government and state of Ohio 

regulations to conduct and support RDT&E studies using highly toxic chemical and pathogenic 

biological materials. The MREF is licensed to ship, receive, and handle select agents, as defined 
• • •••••• by the Centers for Disease Control (CDC). • 
• • ······ :····· 

The MREF BSL-3 facility was completed in 1995, and expanded in 2002 to co.f;ist:of • 
• • 

approximately 31 ,000 sq. ft . The containment area within the facility is designea•tll·~et or:••••• 
• • 

exceed the BSL-3 faci lity guidelines published by the CDC and National lnstitijf&~:~fHealtfl:. :·: 
• • 

entitled Biosafety in Microbiological and Biomedical Laboratories (4th edition , •lo~99j. The sev~n 
• • •••••• • 
•• • • • • • •• 
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BSL-3 microbiology laboratories contain multiple Class III biosafety cabinets (BSCs), linked 

together in an H-shaped configuration, and two autoclaves. Additional laboratories within this 

area include a microbiology laboratory equipped with a Class II BSC connected to a Class III 

BSC, and a dose configuration room equipped with a Class ll BSC. 

3.2 Site Operations 

Battel le operates its certified chemical and biological test facilities in compliance with a ll 

applicable federa l, state, and local laws and regulations, including U.S. Army regulations. 

Battelle' s facilities are certified through inspection by personnel from the appropriate 

government agency. The HMRC is an AR 50-6 surety facility and is certified to work with 

chemical surety material through a Bailment Agreement by the U.S. Army Soldier Biological 

and Chemical Command (SBCCOM). Battelle has demonstrated via inspections by the 

appropriate government personnel, that its facilities meet all federal , state, and local laws and 

regulations, including U.S. Army regulations. Battelle operates the MREF in compliance with 

requ irements contained in 32 CFR 626 and 627, Biological Defense Programs. Our chemical and 

biological facilities and attendant certifications are listed in Table 3-1. 

Test procedures at the HMRC and MREF are governed by established SOPs. Those documents 

are specified by facility, number, and title. In all cases, the latest version of every such document 

is used. All relevant documents will be reviewed as part of the Operational Readiness Inspection 

for verification testing to identify whether any test-specific modifications need to be 

implemented. The documents that are relevant to testing are indicated where appropriate 

throughout this test/QA plan. 

•••••t • • • • • • • • ....... 
• • • • •• 

•• • •• • • • • ••••• 

• • •••••• • 
• • •••••• • 

• 
• • • ••••• • 
• ••• • • • •• • 

• 
• • •••••• • 
•• • • • • • •• 
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Table 3-1. Certifications ofHMRC and MREF 

Facilit~ :\laterials Le\el 
HMRC Chemical warfare CSM (Neat) 

agents RDT&E (Dilute) 

Analytical Chemistry Chemical warfare RDT&E (Dilute) 
Laboratory agents 
MREF Biological warfare Biosafety Level 3 

agents 

Chemical warfare CSM (Neat) 
agents ROT &E (Di I ute) 
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Certifil'ation 
Bailment Agreement 
No. DAADI3-03-H-0003 
(3 Mar 03 - 3 Mar 05) 
Bailment Agreement 
No. DAADI3-03-H-0003 
CDC Select Agents Program 
(32 CFR 626 and 627) 
administered through the 
Biological Defense Research 
Program 
United States of America 
Medical Research Materiel 
Command No. 0472501 

•••••• • • • • • • • • 
··· ~ ·· • • • • •• 
••••• • • • • -···· 

• • •••••• • 
• • •••••• • 

• 
• • •••••• • 
• ••• • • • •• • 

• 
• • •••••• • 
•• • • • • • •• 
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This test/QA plan specifies procedures for testing formaldehyde vapor decontamination 

technologies with chemical and biological agents and surrogates at the laboratory scale using 

small samples of indoor materials (i.e. , coupons). Verification testing will determine efficacy of 

the technology against agents with representative indoor surface materials. The verification test 

design will also produce data that will allow correlations to be made between results with actual 

agents and those with selected surrogates. In all testing, each decontamination technology will be 

applied in a manner consistent with the manufacturer' s recommendations. The technology 

vendor will provide the equipment for application oftheir technology and will train Battelle staff 

in its use. The effect of the decontamination technology on indoor materials will also be assessed 

by visual inspection of test coupons after they are subjected to decontamination. 

The following subsections introduce the primary features of the verification testing approach. 

Details on the procedures used to conduct testing are presented in Section 6. 

4.1.1 Parameters to Be Tested 

The following performance parameters of formaldehyde vapor decontamination technologies 

will be tested, using coupons of representative indoor materials contaminated with biological and 

chemical agents in controlled laboratory tests: 

• Efficacy in destroying chemical agents and surrogates on selected indoor surfaces 

• Efficacy in destroying biological agents and surrogates on the same indoor surfaces 

• Generation of toxic degradation products from interaction of the decontaminant with 

the target chemical agents. 

Qualitative biological indicators will also be used in testing to allow correlation of their results 

with the quantitative efficacy results. Information on surface damage caused by the 
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decontamination technologies will also be gathered by visual inspection of the test coupons after 

decontamination. 

4.1.2 Scale of Testing 

The performance parameters listed above will be evaluated through testing with chemical and 

biological agents and surrogates at the laboratory scale. These performance tests will use small 

coupons [approximately 3.1.! in. x 3 in. (1 .9 x 7.5 em)] of selected indoor materials as test surfaces, 

and will be carried out in a suitable chemical or biological agent safety hood or cabinet. Multiple 

coupons of each of several indoor materials will be contaminated with the target agents, and then 

treated with the decontamination technology. Blank (i.e. , uncontaminated) and control (i.e., 

contaminated but not decontaminated) coupons will also be used for each test material , and will 

serve as the basis for calculations of decontamination efficacy. This scale of testing will provide 

a controlled, reproducible approach to assess efficacy with real agents, while also requiring a 

realistic, though small-scale, application of the decontaminant. 

4.1.3 Efficacy 

Efficacy (the effectiveness with which the formaldehyde vapor decontamination technology 

destroys the agent) will be determined for both chemical and biological agents and surrogates by 

means of the coupon tests. Efficacy testing will rely on comparing the amount of contaminant on 

test coupons before decontamination (control coupons) to the amount present after application of 

the decontamination technology (test coupons). Multiple coupons will be used for both the 

control and test samples, and the resulting data will be used to calculate efficacy as a percent 

removal (for chemical agents) or a log reduction (for biological agents). 

For building decontamination, the residual amount of agents left after decontamination also 

needs to be considered, since evaporation of, or physical contact with, any residual could carry a 

health risk for building occupants. For chemical and biological agents, allowable residual levels 

have not been determined.<4l However, a precedent has been set for the desired end result of 

decontamination for biological agents: a 6-log kill of biological indicators; and, additionally, no 

growth is to be detected after decontamination. Though not an official level for building 
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decontamination, biological efficacy testing under this test/QA plan will follow the 6-log kill 

objective. For chemical agents, the allowable residual is undefined, but some exposure limits 

have been set for vapor exposure and for contact hazards.C4
• SJ Consequently, the post

decontamination levels of chemical agent will be determined by three methods, including coupon 

extraction, offgasing, and contact transfer. The extraction method will measure the percent 

efficacy for destruction of chemical agent on the coupon surfaces. The offgasing method will 

measure the amount of residual chemical agent vapors offgasing from a test material that could 

create a vapor hazard. The contact transfer method will measure the amount of residual chemical 

agent on the coupon surface that could potentially create a contact hazard when transferred to 

skin or other material during contact. 

Efficacy will be evaluated for each chemical and biological agent and surrogate, for each 

selected indoor surface material. Biological efficacy testing will employ seven coupons of each 

surface material: three contaminated and subjected to decontamination (test coupons), three 

contaminated but not subjected to decontamination (control coupons), and one not contaminated 

(blank coupon). A corresponding set of coupons will be used for chemical efficacy testing; 

however, chemical testing will also employ additional coupons of each surface material for the 

vapor offgasing and contact transfer tests. 

4.1.4 Temperature and Relative Humidity Conditions 

Different formaldehyde vapor decontamination technologies may require different humidity 

conditions in the environment to be decontaminated, so that the technology can be most 

effective. Coupon testing will be carried out at room temperature, and at whatever humidity 

condition is required and/or maintained by the technology undergoing testing. Temperature and 

humidity will be monitored during the decontamination process. 

4.1.5 Surface Damage 

The effect of decontamination on the indoor materials used as test surfaces will be evaluated 

informally in conjunction with the efficacy testing procedure. After decontamination of the test 

coupons, the appearance of the decontaminated coupons will be observed, and any obvious 
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changes in the color, reflectivity, and apparent roughness ofthe coupon surfaces will be noted. 

This comparison will be conducted for each of the test materials, before any extraction or 

sampling of the decontaminated test coupons takes place. 

4.2 Agents and Surrogates 

The chemical and biological agents to be used in verification testing under this plan were 

selected based on an evaluation of potential threats to buildings()> and on subsequent input rrom 

stakeholder groups. Note that the threat summary was based on a survey of expert opinions and 

not on an exhaustive analysis. That evaluation considered the availability of potential 

contaminants (including chemical and biological agents, biotoxins, and TICs), the lethality of the 

contaminants, the potential delivery pathways for the contaminants, and the persistence of the 

contaminants in a building. In addition to chemical and biological agents, surrogates will be used 

in testing to establish correlations between the decontamination efficacy for surrogates and actual 

agents. 

4.2.1 Chemical Agents and Surrogates 

The chemical agents to be used for verification testing, listed in order of priority, are: 

Table 4-1. Chemical Agents to Be Used 

Agent Acronym T~ pc 
V Series vx Nerve A ent > 85% 
H Series HD Vesicant > 85% 

Thickened Soman TGD Nerve A ent AP 
AP: As provided by the U.S Army; see text. 

These agents are key representatives of families of similar agents. The agent specified in 

thickened form (TGD) was chosen because the thickened matrix enhances the persistence of the 

agent on surfaces. This agent will be obtained in thickened form from the U.S Army, and the 

Army will provide information on the purity of the thickened agent. However, it will not be 

possible to confirm the agent' s purity by analysis, due to interference from the thickening agent. 
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For each of the chemical agents listed above, a chemical surrogate will also be used. The 

selection of chemical surrogates for testing decontaminants is a complex issue. Possible 

surrogates that have been identified include 

• Methyl parathion and malathion for VX 

• Methyl phenyl sulfide for HD 

• Diisopropyl phosphonofluoridate for GO. 

Previous use of these surrogates has been based on the similarity oftheir physical properties to 

those of the chemical agents. Alternative choices of surrogates may be used, if evidence is found 

that the alternative surrogates better mimic the chemical reactivity of the agents with 

formaldehyde vapor. 

4.2.2 Biological Agents and Surrogates 

The primary biological agent used in testing the formaldehyde vapor decontamination 

technology will be anthrax spores (Bacillus anthracis, Ames strain). To provide correlations with 

the anthrax results, two biological surrogates will be used: 

• Bacillus stearothermophilus (ATCC 12980) 

• Bacillus subtilis (ATCC 19659). 

The B. stearothermophilus surrogate was chosen because previous tests have indicated that its 

behavior is similar to anthrax in response to gaseous decontaminants, and it has historically been 

used as an indicator for formaldehyde vapor because it is a particularly difficult organism to kill 

using this technology. The B. subtilis (ATCC 19659) surrogate was chosen because it is the same 

as used in the AOAC Sporicidal Activity Test. Anthrax and the two surrogate organisms will be 

applied to the test surfaces in the form of spore suspensions. 

A commercial spore strip will also be included in testing, of the same spore type [B. subtilis var 

niger (B. atrophaeus (ATCC 9372)] , backing (paper), and manufacturer (Raven) as that used 

during anthrax decontamination in U.S. Postal Service facilities. Furthermore, biological 

indicators (Apex Labs) containing the surrogates B. stearothermophilus and B. subtilis will also 

be included. These biological indicators will contain a spore population of I 06
. The Raven spore 
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strips and Apex biological indicators will be used for qualitative indication of efficacy to allow 

correlation with quantitative efficacy results. 

4.3 Test Surfaces 

The surface materials to be used for testing formaldehyde vapor decontamination technologies 

are a subset of the variety of structural, decorative, and functional surfaces that may be found 

indoors. Excluded from the list of test surfaces are indoor materials that are likely to be removed 

from a contaminated building for disposal , rather than decontaminated in place. Such materials 

include draperies, ceiling tiles, and fabric furnishings. However, the surface materials to be used 

include both smooth and porous surfaces, and a variety of material compositions. The test 

surfaces that will be used are listed below, with the unique code that will be used for sample 

identification shown in parentheses: 

• Painted (latex, semi-gloss) concrete (cinder block) (PC) 

• Painted (latex, flat) wallboard (PW) 

• Decorative laminate (DL) 

• Galvanized ductwork (GM) 

• Glass (GS) 

• Bare wood (pine lumber) (BWD) 

• Industrial grade carpet (IC) . 

The test coupons of each surface material will be 1.9 em x 7.5 em, with thickness varying from 

I /32" to 3/8" as appropriate for the materials. Certain combinations of contaminant and test 

surface have been avoided in making this selection. For example, hydrolysis of VX has been 

shown to occur rapidly (half-life= 3 hours) on bare concrete surfaces.(6) Consequently, bare 

concrete was avoided for testing decontamination efficacy with VX because the substrate 

efficacy would confound the determination of the decontaminant efficacy. 
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Table 4-2 provides the sequence of testing to be carried out on each technology, listing the 

names of the test procedures, the performance or operational parameters to be evaluated in each 

procedure, and a summary of the samples or data comparisons resulting from each procedure. 

The order of testing will be as shown in Table 4-2, i.e. , biological efficacy testing with coupons, 

followed by corresponding chemical efficacy testing, in each case followed by assessment of 

surface damage. 

Table 4-2. Sequence of Test Procedures in Verification Testing of Formaldehyde Vapor 
Decontamination Technologies 

Test Procedure I Parameters E\ aluated Data Produced 

Biological efficacy test Efficacy Multiple samples, plus controls and blank, for 
each test surface, for each biological agent and 
surrogate. Also, multiple spore strip samples, 
plus controls. 

Damage to surfaces Damage to test coupons Visual observation of every test coupon in all 
biological efficacy tests. 

Chemical efficacy test Efficacy Multiple samples, plus controls and blank, for 
each test surface, for each chemical agent and 
surrogate. 

Damage to surfaces Damage to test coupons Visual observation of every test coupon in all 
chemical efficacy tests. 

Test for known toxic by- Analysis of coupon extractions Multiple samples, plus blank, for each test 
products after chemical efficacy tests coupon/agent combination 

Vapor offgas test for Effectiveness at reducing vapor Multiple samples, plus controls and blank, for 
chemical agents• offgasing each test surface, for each chemical agent and 

surrogate. 

Contact transfer test for Effectiveness at reducing Multiple samples, plus controls and blank, for 
chemical agents" contact transfer each test surface, for each chemical agent and 

surrogate. 
• These tests will use separate coupons from those used for other test procedures. 
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This section provides a description of the key materials and equipment needed to perform 

verification testing of formaldehyde vapor technology. 

5.1 Materials 

5.1.1 Agents 

Chemical agent use at the HMRC will be under the terms and conditions of Bailment Agreement 

DAAD13-H-03-0003. This Bailment Agreement is a contract between Battelle and the U.S. 

Army that specifies the safety, security, and personnel reliability standards required for storing, 

handling, and using chemical agents. Battelle' s stock of agent will be analyzed prior to testing to 

verify the purity of the agent used to contaminate the test coupons. An aliquot of diluted agent 

will be injected into a gas chromatograph (GC) fitted with a flame-ionization detector to 

determine the purity of the agent. The purity of the agent will be determined through comparison 

with the analytical standards generated from or based on Chemical Agent Standard Analytical 

Reference Material (CASARM). Only chemical agents with purity greater than 85 percent will 

be used in this program. The purity ofthickened GO will not be measured due to interference 

caused by the thickener, but information on the agent purity will be provided by the U.S. Army. 

Biological agent use at the MREF will be according to the CDC Select Agents Program (42 CFR 

Part 73) and the Biological Defense Research Program (32 CFR 626 and 627) in adherence with 

the Battelle MREF Facility Safety Plan. Anthrax (Ames) spores will be prepared according to 

MREF. X-0 74 (Production ofBacillus anthracis Spores) or MREF. X-093 (Production ofBacillus 

anthracis Spores in a Small Fermentor). The spores will be characterized according to MREF. X-

075-00 (Characterization and Qualification ofBacillus anthracis Spores), which requires less 

than 5 percent debris content for acceptance of spores. 
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5.1.2 Spore Strips 
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The Raven commercial spore strips and Apex Labs biological indicators will be purchased for 

verification testing, in quantities larger than needed for testing. 

5.1.3 Surfaces to Be Tested 

Section 4.3 lists the materials to be used to simulate indoor surfaces in testing. The 

representativeness and uniformity ofthe test materials are important to assure reliable test 

results. Representativeness means that the materials used are typical of such materials used 

indoors in buildings. Uniformity means that all test pieces are essentially equivalent for the 

purposes of testing. Representativeness will be assured by obtaining test materials from 

appropriate suppliers and by recording the appropriate specifications, manufacturer 

identification, lot numbers, etc., for each material. Uniformity will be maintained by obtaining a 

large enough quantity of material that multiple test samples of uniform characteristics can be 

obtained (e.g. , test coupons will all be cut from the interior rather than the edge of a large piece 

of material). In addition, the uniformity of recovery ofbiological and chemical agents will be 

assessed for each test material in method demonstration tests conducted before the start of 

verification testing (see Section 6.1 ). The reproducibility of recovery rates will be determined for 

each material as a measure of the uniformity of the test pieces. 

5.2 Delivery and Application Equipment 

5.2.1 Agent/Surrogate Surface Application 

The equipment needed to apply controlled and reproducible amounts of agents and surrogates to 

the test surfaces will include the solutions or suspensions to be delivered and the delivery device 

(a syringe, pipette, or comparable system). These items of equipment are described in Section 6. 

5.2.2 Temperature/Humidity Conditions 

Commercial decontamination technologies based on formaldehyde vapor typically include a 

conditioning system that controls the temperature and/or humidity of the environment to the 



Page 23 of 50 
Version I 

Date: 11/18/03 

optimum conditions for the decontamination. In all verification testing, each technology will be 

operated according to the vendor's instructions, including the performance of any such 

conditioning system. The temperature and humidity of the test enclosure will be monitored 

throughout testing, using vendor provided sensors. 

5.3 Test Chamber 

A decontaminant exposure chamber will be used to expose the test coupons to the 

decontaminant. For biological agent testing, a Compact Glove Box Model 830-ABC (Plas Labs, 

Inc. , Lansing, Ml; Figure 5-1) will be used. This unit has inner dimensions of28"w x 23"d x 

29"h (71 em x 59 em x 74 em) and outer dimensions of 43"w x 24"d x 31 "h (110 em x 61 em x 

79 em). The unit also has a top opening of 17" x 23" (43 em x 58 em) and a transfer chamber that 

is 12" (30 em) long and an inner diameter of 11" (28 em). The chamber has a total volume of 

11.2 cu ft (317 L). A set of glove ports, located on the side, are available for working in the 

hood. The same type of glove box, but without the transfer chamber, will be used in the chemical 

agent testing. In both cases, the decontaminant will be directed from the vendor' s delivery 

system through the exposure chamber, at the temperature and humidity conditions established by 

the delivery system. 

~ompact 
Glove Box 

Figure 5-1. Compact Glove Box-BW Agent Tests 



5.4 Sampling and Analysis Materials and Equipment 

5.4.1 Chemical Agent Testing 
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5.4.1.1 Contact Transfer Equipment. The contact transfer test equipment will include 2-in 

diameter pieces of latex dental dam for contact transfer measurements, and l-in diameter weights 

(65 g/cm2
) for placing on the latex. Figure 5-2 shows the contact transfer test with the weights 

applied to the test coupons. The latex will be washed with water and dried at 185°F for 24 hours 

prior to cutting. 

Figure 5-2. Contact Transfer Weights 

5.4.1.2 Offgas Sampling Equipment. Offgas sampling will be performed at ambient temperature 

and relative humidity conditions. The offgas rack (Figure 5-3) will hold up to 25 test cells. 

Aluminum offgas cells (Figure 5-4) will be used to hold the individual coupons during offgasing, 

and may include critical orifices to control the flowrate at 0.25 Llminute during offgas collection. 

Butyl a-rings will be used to seal the cells. Charcoal tubes will be placed on the cell inlet to 

ensure that clean air is entering the cell. The agent vapors will be collected using solvent-filled 

impingers or sorbent tubes, depending on the agent and amount of agent offgasing expected from 

each material type. The agents will be collected in bubblers filled with diethyl phthalate or 

ethylene glycol diacetate, or with sorbent tubes filled with either Carboxen or Tenax. 



Figure 5-3. Offgas Rack 

Figure 5-4. Offgas Cell 
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The Carboxen tubes will be solvent extracted for analysis. The Tenax sorbent tubes will be 

thermally desorbed to analyze for the chemical agents. 

5.4.1.3 Analytical Equipment. Chemical agent analyses will be performed using Hewlett 

Packard 5890 or 6890 GCs equipped with flame photometric detectors (FPD) or flame ionization 

detectors (FID) . Internal standard (IS) will be added to the chloroform to produce a concentration 

of 1.7 J.!g/mL using triethyl phosphate (TEP) and diethylmethylthio-methylphosphate 

(DEMTMP). The TEP is used as the IS for GO analysis, and DEMTMP is used as the IS for HD 

and VX analysis. The internal standard for the surrogate analysis will be either TEP or 

DEMTMP, based on the relative retention times ofthe surrogates and the IS. 

5.4.2 Biological Agent Testing 

5.4.2.1 Sampling Media. The procedures and media used to extract the biological agent or 

surrogates from the test surfaces are described in Section 6.2 .5.2. 

5.4.2.2 Sample Analysis. Section 6.2.5 .2 describes the culturing and enumerating procedures for 

biological samples. 

5.5 Performance Evaluation Audit Materials 

The performance evaluation (PE) audit (Section 7.2) will use independent standards to check the 

analysis methods for chemical agents and chemical surrogates. These independent standards will 

be RDS, prepared in Battelle' s Columbus facilities , and analyzed with the GC equipment used 

for sample analysis at the West Jefferson facilities. At least one such RDS solution will be 

prepared for each of the chemical agents and surrogates identified in Section 4.2.1. 

NoPE audit will be done for biological agents, due to the lack of suitable audit standards. The 

application confirmation procedure (Section 6.2.3.2), controls, blanks, and method validation 

procedures will be used to document the biological test results. 

__ j 
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This section provides a discussion of procedures for method validation, and for chemical and 

biological coupon testing of formaldehyde vapor decontamination technologies. 

6.1 Method Demonstration 

Many of the test coupon materials to be used are likely to be new to decontamination testing. 

Consequently, method trials will be performed as necessary to demonstrate the methods included 

in this test/QA plan. 

6.1.1 Chemical Agent Method Demonstration 

Method demonstration will be performed as necessary to determine the optimum methods for 

extracting chemical agents and surrogates from the various test coupons, and for quenching the 

formaldehyde vapor reactions to analyze for chemical agent, surrogates, and toxic degradation 

products after decontamination. Demonstration trials will be conducted with each chemical 

agent/surrogate/coupon combination, using 5 percent bleach as the positive control, and distilled 

water as the negative control. Extraction efficiencies for various solvents (e.g., chloroform, 

hexane) from these combinations will be determined. Furthermore, prior to testing, one coupon 

of each material type and the samplers used as the contact transfer material (see Section 

6.2 .5.1.3) will be extracted in solvent to ensure that no analytical interferences would inhibit 

agent analysis. Up to three solvents will be tested. 

The objective of the quenching demonstration study is to establish a quenching method that will 

stop the reaction between the formaldehyde vapor and the chemical agent. Typically samples are 

quenched with an organic compound containing sulfur that is also soluble in the extraction 

solvent to stop oxidation ofthe agent. Sodium sulfite has often been used for this purpose, as it 

reacts very rapidly with formaldehyde vapor. In addition, dilution or extraction may also be 

effective at quenching the reaction. Up to four methods will be tested. Based on the results of 

method trials, an appropriate extraction solvent will be selected. The solvent selection process 



Page 28 of 50 
Version 1 

Date: 11/18/03 

will consider extraction efficiencies, analytical interferences, material compatibility, and other 

observations made during the trials. 

In addition, trials of the offgasing method will be performed to determine the appropriate vapor 

collection system design based on the amount of agent vapor leaving the various coupons. Trials 

will be performed on each type oftest coupon using each type of agent. Results will be used to 

determine how many coupons should be in the offgasing cell, and what is most the most 

appropriate system for collecting vapors (e.g., solvent-filled impingers, sorbent-filled tubes, or 

both, which solvent, which sorbent, etc.). 

6.1.2 Biological Agent Method Demonstration 

Method demonstration trials will be performed as necessary to determine the optimum methods 

for extraction of biological agents from the test coupons and for quenching the decontamination 

reaction. The objective of the quenching demonstration study is to determine a quenching 

method that will stop the reaction between the decontaminant and the biological agent so that 

decontamination does not continue after sampling. For example, a solution of sodium 

metabisulfite can be used to quench the reactivity of some decontaminants that act by oxidation. 

Once a method has been established, the method demonstration trials will determine the average 

spore recovery efficiency from each type of surface material and the reproducibility of that 

efficiency. The reproducibility will be determined as a percent coefficient of variation (%CV) of 

repeated trials with each surface material. The %CV values will indicate the uniformity of the 

test coupons for each material. The average recovery values will determine what log kill can be 

determined based on an initial spore loading of I 08
. 

6.2 Coupon-Scale Testing 

Decontamination efficacy testing with coupons will be conducted based on procedures described 

in TOP 8-2-061 (Decontamination Systems Laboratory/Field Testing). The testing will evaluate 

decontamination efficacy for chemical and biological agents by extracting and measuring the 

initial and residual agent on test coupons. Chemical analysis or biological enumeration of the 
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resulting extracts will allow efficacy to be calculated as the percent removal for chemical agents, 

or the log reduction for biological agents. 

For chemical agents, as discussed in Section 4, measurements will also be made of vapor 

offgasing and contact transfer to help evaluate efficacy from the perspective of residual chemical 

agent allowed to remain in a building after decontamination. The offgasing tests will measure the 

amount of chemical agent vapors evaporating from the coupon, potentially creating a vapor 

hazard. Contact transfer tests will measure the amount of chemical agent transferred to a 

simulated skin material touching the coupon surface, simulating a contact hazard when 

transferred to skin or other material. Detailed descriptions of these tests are presented in Section 

6.2.5.1. 

6.2.1 Preparation of Test Materials 

For testing chemical agent decontamination, no special preparation of test surfaces is required. 

To ensure normal cleanliness and prevent contamination of test surfaces, care will be exercised 

and the test coupons will be packaged in individual sample bags. At most, surface preparation 

will involve washing with a solvent or water. The test coupons will be cut to 1.9 em x 7.5 em 

size from the interior of a large piece oftest material. Edges and damaged areas will be avoided 

in cutting test coupons. The test coupons will be visually inspected upon receipt and any 

evidence of damage will be recorded. The length, width, and thickness of the test coupons will 

be measured and recorded. 

Chain-of-Custody (CoC) forms will be used to ensure that the test coupons are traceable 

throughout all phases oftesting. Each coupon will be assigned a unique identifier code that 

matches it with the sample, test parameters, and sampling scheme. The testing staff receiving the 

test coupon will be responsible for comparing the identifier code with the test matrix. 



-----------------------------------------------

6.2.2 Application of Agents to Test Coupons 

6.2.2.1 Application of Chemical Agents and Surrogates to Test Coupons 
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To assess decontamination efficacy, the conditions specified in TOP 8-2-061 will be used, i.e. , 

a contamination density of I 0 g/m2 and a droplet size of 1-J.!L. For the three chemical agents, the 

number of agent drops to be administered per coupon will be determined prior to testing based 

on the contamination density, agent density, and the measured agent purity. 

The test coupons will be removed from their individual packages and allowed to equilibrate to 

the laboratory temperature and relative humidity for a minimum of one hour prior to agent 

application. A l-inch diameter circle will be drawn on the test coupons with a non-interfering 

grease pencil to provide a known area for agent application. 

The test coupons will be laid flat in the chemical agent fume hood. The chemical agents will be 

applied to the test coupons using microliter-sized drops to achieve the target contamination 

density (I 0 g/m2
) . A Hamilton gastight syringe with a Hamilton repeatable stepper will be used 

to produce the drops. Separate syringes will be used for each chemical agent to prevent cross

contamination. After agent application, the coupons will be covered with a Petri dish to minimize 

agent evaporation. Coupons will be allowed to weather overnight (i.e., approximately 16 to 18 

hours) after application of chemical agent. SOP HMRC-11-00 I (General Provisions for Handling 

Chemical Agent in the Hazardous Materials Research Center) will be used for agent operations. 

The same procedures used for application of the chemical agents will also be used for application 

of the surrogates. 

6.2.2.2 Application of Biological Agents and Surrogates to Test Coupons 

Testing will be performed in a Compact Glove Box (Pias Labs, Inc.) (see Section 5.3). Test 

coupons will be laid flat in the cabinet and contaminated at challenge levels of I 08 spores per 

coupon. Stock suspensions of the agent at the required concentration will be prepared, 

transferred to the coupon using a micropipette, and spread over the sample surface (e.g., by 

smearing the suspension over the coupon with the tip of the pipette or placing the suspension 

over the surface as small droplets similar to the chemical agent approach). After contamination 
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with biological agent or surrogate suspension, the test coupons will be allowed to dry 

undisturbed to completion. 

6.2.3 Confirmation of Surface Applications 

6.2.3.1 Confirmation of Surface Application Density of Chemical Agents 

Each chemical agent will be applied to three Teflon control coupons at the desired density using 

the procedure described in Section 6.2.2.1 . These coupons will be extracted using the same 

procedure used for the decontaminated coupons (see Section 6.2 .5.1.1) immediately after agent 

application. They will be analyzed by the same procedure used for decontaminated coupons (see 

Section 6.2.5.1.4), to verify the initial application density. 

6.2.3.2 Confirmation of Surface Application Density of Biological Agents 

To confirm the application density of biological agents and surrogates, the anthrax and surrogate 

spore suspensions used to contaminate the coupons will be reenumerated on each day of use. 

This enumeration will be carried out as described in Section 6.2 .5.2. 

6.2.4 Application of Formaldehyde Vapor Decontamination Technology 

After application of agents and surrogates to the test coupons and completion of the drying or 

weathering time, the test coupons will be decontaminated in the test chamber. The control 

coupons will remain in the primary and secondary containers within the Class II BSC but will 

not be placed in the test chamber at any time. Each decontamination technology undergoing 

testing will be used in accordance with the vendor' s instructions, to supply the test enclosure 

with the required levels of formaldehyde vapor for decontamination. The duration and 

formaldehyde vapor level used for decontamination will be as recommended by the vendor. 

If feasible (and if resources are available), monitoring ofthe concentration offormaldehyde 

vapor may be conducted during the technology verification testing in accordance with vendor' s 

instructions. 



6.2.5 Determination of Decontamination Efficacy 
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The primary test of decontamination efficacy will determine the fraction of agent destroyed by 

the formaldehyde vapor treatment, through extraction of residual agent from the coupons after 

decontamination . In addition, analysis of end point conditions will be made (i.e., by performing 

vapor offgasing and contact transfer testing for chemical agents and verifYing no growth for 

biological agents). The vapor offgasing and contact transfer tests will provide alternative 

measures of efficacy for the chemical agents and surrogates. 

6.2.5.1 Decontamination Efficacy for Chemical Agent on Coupons 

6.2.5.1.1 Extraction of Residual Chemical Agent from Coupons 

After application ofthe decontaminant, extraction ofthe residual chemical agent will be 

performed. Decontaminated test coupons and the control coupons will be placed directly into jars 

containing the extraction solvent. After a !-hour extraction, an aliquot ofthe solvent will be 

transferred to a GC vial for analysis. Depending on the outcome of the method validation effort, 

a phase separation may be performed to minimize analytical interferences by separating coupon 

debris from the extraction solution. The sample will be analyzed for chemical agent using a GC 

with an appropriate detector as discussed in Section 6.2.5.1.4. 

For chemical agents, decontamination efficacy will be calculated based on the amount of agent 

applied to the test coupon and the amount of residual agent measured after decontamination, as 

described in Section 8.2.2. Decontamination efficacy results will be presented as percent agent 

neutralized/removed . The upper limit for calculated efficacy values is based on the detection 

limit ofthe GC and the amount of solvent used for extraction; typically these limitations do not 

come into play unless efficacy exceeds 99.9 percent. 

6.2.5.1 .2 Offgasing Measurements 

The offgasing test will be performed using different coupons than are used for extracting the 

residual agent for the primary determination of efficacy (Section 6.2.5.1.1 ). Larger coupons may 

be required for the offgasing test to produce sufficient agent vapor for analysis. 
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The vapor offgasing test will be performed on coupons that have been contaminated with 

chemical agent and subsequently decontaminated with the formaldehyde vapor, as well as on 

contaminated coupons that have not been decontaminated (i.e., control coupons). Each coupon 

will be sealed in an aluminum offgas cell. A charcoal filter will be placed on the cell inlet to 

provide clean airflow into the cell. A sorbent tube or impinger will be attached to the cell 

exhaust. Critical orifices or mass-flow controllers will be used to control the flow through the 

sorbent tubes or impingers at 0.25 liters per minute. The offgas will be sampled over specific 

time intervals of 0 to 2, 2 to 4, and 4 to 12 hours. The sorbent tubes will be extracted with 3 mL 

of solvent and analyzed for chemical agent by GC. The impinger solutions will analyzed directly 

by GC, or extracted prior to analysis by GC. SOP HMRC-X-049 ( O.ffgas Testing of Materials) 

will be followed for this test. The efficacy of reducing the vapor offgasing will be calculated by 

comparing the offgasing rates for the decontaminated coupons to those from the control coupons, 

as described in Section 8.2.4. 

6.2.5.1.3 Contact Transfer 

The contact transfer test will be performed using different coupons than used for the vapor 

offgasing test (Section 6.2.5.1.2) or for extracting the residual agent for the primary 

determination of efficacy (Section 6.2.5 .1.1). The contact transfer test will be performed after the 

vapor offgasing test for both the decontaminated and the control coupons. 

The amount of agent transferred by contact will be measured using a piece of latex dental dam 

(dental dam is made from natural rubber latex and other ingredients and is used as a barrier 

during endodontic and other restorative procedures). A 2-in diameter piece of latex will be 

placed on the test coupon as a sampler. A 2-in piece of aluminum foil will be placed on top of 

the latex, and a 2-inch weight (65 g/cm2
) will be applied to simulate the force of a hand touching 

the surface. After 15 minutes of contact, the weight will be removed, and the latex sample will be 

placed in ajar containing 20 mL of solvent. After a 60-minute extraction, an aliquot ofthe 

solvent will be transferred to a GC vial for GC-FPD analysis. If the agent concentration is below 

the GC-FPD detection limit, a I 0-mL aliquot of the solvent extract will be evaporated in a 

concentration of 1 mL and reanalyzed. [fthe agent concentration is still below the GC-FPD 
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detection limit, it will be reported as a non-detect. Contact Transfer and Offgas Testing 

Following Chemical Agent Contamination and Decontamination (SOP HMRC-X-070) will be 

followed for this test. The efficacy of reducing the contact transfer of agent will be calculated by 

comparing the offgasing rates for the decontaminated coupons to those from the control coupons, 

as described in Section 8.2.3. 

6.2.5.1.4 Sample Analysis 

A quantitative analysis of chemical agent in coupon extracts, latex extracts, and vapor offgas 

samples will be conducted using GC/FID, FPD, or mass spectrometry detectors. Analysis will be 

performed and standards for reference analysis will be prepared in solvent using neat agent in 

accordance with HMRC Standard Operating Procedures 1V-056-06 (Standard Operating 

Procedure for Operation and Maintenance of Gas Chromatographs and for the Analysis of 

Solutions Containing GA, GB, GD, GF, HD, VX by Gas Chromatography. Analytical standards 

will be generated from or based on the CASARM standard (see Section 5.1 ). 

A detector is selected based on the chemical agent being analyzed, the expected concentration 

range, any interferences identified during the method validation process, and the time required 

for analysis. The FPD will be used for the chemical agents and surrogates because it has the 

highest sensitivity for measurement and can also be used to analyze more samples per day. The 

FID will be used if the agent concentration in the samples is high. 

Extracts from the test coupons will be analyzed for specific degradation products. A possible 

degradation product ofVX, EA 2192, will be determined by liquid chromatography/mass 

spectrometry. SOP HMRC-111-001 (General Provisions for RDTE Dilute Solutions Utilized in 

JN-4) will be used for handling laboratory samples. 

The analytical results for each extract will be fitted to the calibration curve for the specific GC 

used to analyze the extract. The agent concentrations for each extract will be determined by 

Equation I: 



---------------~·-

where 

A 
C = --W 

M 

C agent concentration (f.lg/mL) 
M slope of the calibration line 
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(1) 

A the peak area (PA) for the agent, normalized to the internal standard PA 
w Y intercept ofthe calibration line. 

As given in Equation I, the agent concentration for each sample is determined from the ratio of 

the IS concentration to that ofthe agent. Analytical results in excess of the daily method 

detection limit for the instrument will be recorded in f-lg/mL. The agent (density) on the coupons 

will be determined by Equation 2. 

(2) 

where 

R residual agent density (f.lg/cm2
) 

C GC concentration (f.lg/mL) from Equation I 
Ev extract volume (mL) 
Sa contaminated surface area ( cm2

). 

6.2.5.2 Decontamination Efficacy for Biological Agent on Coupons 

6.2.5.2.1 Extraction ofSporesfrom Test Coupons 

The testing will quantifY decontamination efficacy by measuring the anthrax or surrogate spores 

on surface material coupons, both those exposed (test coupons) and unexposed (control coupons) 

to the decontaminant. Following the decontamination process, each surface material coupon will 

be placed in a 50-mL test tube containing I 0 mL of sterile phosphate-buffered solution with 0.1 

percent Triton X-1 00 and catalase. The purpose of the Triton X-1 00 is to minimize clumping of 

spores, and the purpose ofthe catalase is to neutralize any residual formaldehyde. For spore 

extraction, the tubes will be agitated on an orbital shaker for 15 min at room temperature. 

Samples will then be heat shocked at 60 oc for 1 hr to kill any vegetative bacteria. Following 

heat shock, 1.0 mL of each extract will be removed, and a series of dilutions through 1 o·7 will be 

prepared in sterile water. 
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An additional qualitative assessment of formaldehyde vapor efficacy will be conducted 

following spore extraction. After the extraction process described above, each coupon will be 

transferred to a clean 50-mL tube containing 20 mL of liquid nutrient broth. The vials will be 

sealed and incubated overnight at 37°C on an orbital shaker. The next day, the tubes will be 

assessed qualitatively for viability as "growth" or "no growth." 

6.2.5.2.2 Enumeration of Spore Samples 

The number of viable spores present on the surface materials will be determined using the 

coupon extracts produced by the procedure in Section 6.2.5.2 .1. Spore viability will be 

determined by dilution plating, using both the undiluted extracts, and the successive dilutions of 

each extract, to assure that accurate spore counts are achieved. One hundred microliters of the 

undiluted extract and of each serial dilution will be plated onto Trypticase Soy Agar plates in 

triplicate, allowed to dry, and incubated overnight at 35 to 37 °C for B. anthracis and B. subtilis 

and at 55 to 60 oc for B. stearothermophilus. Plates will be enumerated the next day, and the 

colony-forming units/mL will be determined by multiplying the average number of colonies per 

plate by the reciprocal ofthe dilution, as described in MREF SOP X-054 (Enumeration ofBL-2 

and BL-3 Bacterial Samples Via the Spread Plate Technique). Data will be expressed as mean± 

standard deviation of the numbers of colony-forming units observed. To calculate the efficacy of 

the decontamination treatment the number of spores remaining on the decontaminated test 

coupons will be compared to the number of spores on the control coupons. Efficacy for 

biological agents will be calculated in terms of a log reduction, as described in Section 8.2.2. 

6.2.5.2.3 Qualitative Indicators 

The spore strips and biological indicators will be exposed to the decontamination treatment along 

with the surface material coupons, but will be used to determine only qualitative (i.e. , growth/no 

growth) efficacy, as described in Section 6.2.5.2.1 for the material coupons. Following the 

decontamination process, the spore strips and biological indicators will be placed in liquid 

nutrient broth, and the presence of any viable spores will be determined. No enumeration ofthe 

spores will be attempted. 
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6.2.6 Observation of Surface Damage 
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Following application ofthe decontamination technology, each test surface will be examined 

visually to establish whether use of the decontamination approach caused any obvious damage to 

the surface. Surface damage will be observed immediately after completing the decontamination 

process but before post-decontamination sampling to assess efficacy. If wetted by the 

decontamination process, the test surface will be allowed to dry before any inspection for 

damage. The surface will then be inspected visually through side-by-side comparison ofthe 

decontaminated test surface and the control coupons of the same test material. Differences in 

color, reflectivity, contrast, and roughness will be assessed in this way. These observations will 

be made by the testing staff and recorded. 



7.0 QUALITY ASSURANCE/QUALITY CONTROL 

7.1 Equipment Calibrations 
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The methods to be used to determine chemical and biological agents and surrogates are described 

in Section 6. The analytical equipment needed for these methods will be maintained and operated 

according to the quality requirements and documentation of the test facility. All equipment will 

be calibrated with appropriate standards on a pre-set schedule, and calibration results will be 

clearly and consistently recorded. 

Hewlett Packard GCs will be used for analysis of the extract, offgas, contact transfer, and 

residual rinse samples. For GC analysis, five calibration standards will be analyzed at the 

beginning of each sample analysis. The GC will be recalibrated if the correlation coefficient (R2
) 

from the regression analysis of these standards is less than 0.99. In addition, the percent bias for 

the low standard must be less than 25 percent, and the percent bias for the remaining standards 

must be less than 15 percent. One or two calibration check standards will be run for every 

five samples. The criteria for evaluation of the GC performance is listed below: 

• R2 should be greater than 0.99 

• The bias for the lowest standard should be less than 25 percent 

• The bias for the remaining standards should be less than 15 percent 

• For duplicate samples, the difference between should be less than 20 percent 

• The areas of the internal standards should be within 40 percent of the average ofthe 

standards 

• The difference between the shortest retention time and the longest retention time for 

the target agent should be less than 0.5 minutes. 

The calibration range and associated example detection limits for each agent are listed in 

Table 7-1. ln the event that agent concentrations are above the highest calibration level for the 

GC-FPD analysis, the samples will be analyzed using a GC equipped with an FID, or diluted and 

reanalyzed by GC-FPD. The GC-FID will be calibrated in a range of 10 to 250 jlg/mL. 



Table 7-1. Calibration Ranges 

Extraction Offgas 
Calibration Range (pg/cm 2

) (~tg/cm 2 
) 

TGD 0.1 to 10 0.5 to 50 0.03 to 3 
HD 0.5 to I 0 2.5 to 50 0.15 to 3 
vx 1.25 to 50 N/A 

* Actual detection limits depend on contamination area and extract volume. 
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0.1 to 10 
0.5 to 10 

0.25 to 10 

The critical orifices and mass-flow controllers used for flow control in the offgas test will be 

calibrated using a Buck Calilogger. The flowrate of0.25 Llminute will be used for the offgas 

testing. 

7.2 Assessment and Audits 

7.2.1 Technical Systems Audits 

Battelle' s Quality Manager will perform a technical systems audit (TSA) once during the 

performance of this verification test. The purpose of a TSA is to ensure that verification testing is 

being performed in accordance with the test/QA plan and that all QA/quality control (QC) 

procedures are being implemented. In this audit, the Quality Manager may review the sampling 

and analysis methods used, compare actual test procedures to those specified in this test/QA 

plan, and review data acquisition and handling procedures. The Quality Manager will prepare a 

TSA report, the findings of which must be addressed either by modifications of test procedures 

or by documentation in the test records and verification report. 

At EPA's discretion, EPA QA staff may also conduct an independent on-site TSA during 

verification testing. The EPA TSA findings will be communicated to testing staff at the time of 

the audit and documented in a TSA report. 

7.2.2 Performance Evaluation Audit 

APE audit will be conducted to assess the quality of the chemical agent and surrogate analyses 

made during verification testing. This audit addresses only those measurements that factor 

directly into the data used for verification, i.e., the decontamination technology is not the subject 
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of the PE audit. Similarly, auxiliary measurement systems used to establish test conditions (e.g. , 

temperature, relative humidity, and flow measurement devices) are subject to their own usual 

calibration requirements, but are not subject to the PE audit. 

The PE audit of chemical measurements will be made by independently preparing RDSs of the 

agents and surrogates, in the same solvent and with the same nominal concentrations as the 

calibration solutions used for the GC analysis. Successive analysis of these independent solutions 

will then be conducted as a check on the calibration solutions. An acceptable tolerance of ±25 

percent will apply to this comparison. Failure to meet this criterion will require repreparing the 

independent test solutions; a subsequent failure will trigger an investigation of the calibration 

process and flagging of test data for the agent or surrogate. This audit will be the responsibility 

of Battelle and will be carried out once during verification testing. Battelle' s Quality Manager 

will assess PE audit results. 

NoPE audit will be done for biological agents and surrogates because quantitative standards for 

these materials do not exist. The confirmation procedure, controls, blanks, and method validation 

efforts will be the basis of support for biological test results . 

7.2.3 Data Quality Audit 

Battelle's Quality Manager will audit at least I 0 percent of the verification data acquired during 

verification testing. The Quality Manager will trace the data from initial acquisition, through 

reduction and statistical comparisons and to final reporting. All calculations performed on the 

data undergoing audit will be checked. 

7.2.4 Assessment Reports 

Each assessment and audit will be documented in accordance with the QMP for the ETV 

Building Decontamination Technology Center.(!) Assessment reports will include the following: 

• Identification of any adverse findings or potential problems 

• Space for response to adverse findings or potential problems 

• Possible recommendations for resolving problems 
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• Citation of any noteworthy practices that may be of use to others 

• Confirmation that solutions have been implemented and are effective. 

7.2.5 Corrective Action 
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The Quality Manager, during the course of any assessment or audit, will identify to the technical 

staff performing experimental activities any immediate corrective action that should be taken. 

If serious quality problems exist, the Quality Manager is authorized to stop work. Once the 

assessment report has been prepared, the Verification Test Coordinator will ensure that a 

response is provided for each adverse finding or potential problem and will implement any 

necessary follow-up corrective action. The Quality Manager will ensure that follow-up corrective 

action has been taken. 



8.0 DATA ANALYSIS AND REPORTING 

8.1 Data Acquisition 
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Data acquisition during verification testing includes proper recording of the procedures used in 

testing to assure consistency in testing and adherence to this test/QA plan, documentation of 

sampling conditions and analytical results for the reference methods, determination of damage to 

surfaces from the decontamination process, and recording of efficacy results and test conditions. 

Data acquisition will be carried out by the Battelle testing staff, in the form oftest notebooks, 

analytical data records, and data recording forms . Appendix A shows examples of Test 

Performance Control Sheets and a Test Coupon Sample Form that will be used during testing. 

Laboratory analytical data (e.g., method results quantifying the chemical or biological 

contaminants used) may be produced electronically. Other test data will be recorded manually in 

laboratory notebooks or on data forms prepared prior to the test. These records will be reviewed 

to identify and resolve any inconsistencies. All written records must be in ink. Any corrections to 

notebook entries, or changes in recorded data, must be made with a single line through the 

original entry. The correction is then to be entered, initialed, and dated by the person making the 

correction. A brief explanation ofthe basis for the correction will also be recorded. 

Strict confidentiality oftest data will be maintained. At no time will Battelle staff engage in any 

comparison of the technology undergoing testing with any other decontamination technologies. 

Table 8-1 summarizes the types of data to be recorded; how, how often, and by whom the 

recording is made; and the disposition or subsequent processing of the data. The general 

approach is to record all test information immediately and in a consistent format throughout all 

tests. This process of data recording and compiling will be overseen by the Battelle Verification 

Test Coordinator and Quality Manager. 
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Table 8-1. Summary of Data Recording Process for Verification Testing 

Data to Be \\here Uo\\ Often Disposition of 
Recorded Recorded Recorded Data 

Dates, times oftest events Laboratory record Start/end of test, and at Used to organize/ check test 
books, data forms each change of a test results; manually incorporated 

parameter in data spreadsheets as 
necessary 

Test parameters Laboratory record When set or changed, or Used to organize/ check test 
(agent/surrogate identities books, data forms as needed to document results, manually incorporated 
and concentrations, test the sequence oftest. in data spreadsheets as 
surfaces, temperature and necessary 
relative humidity, gas flows, 
etc.) 
Sampling data Laboratory record At least at start/end of Used to organize/ check test 
(identification of sampling books, data forms reference sample, and at results; manually incorporated 
media, sampling flows, etc.) each change of a test in data spreadsheets as 

parameter necessary 
Chemical analysis Laboratory record Throughout sample Transferred to spreadsheets 
or biological enumeration books, data sheets, handling and analysis 
analysis, chain of custody, or data acquisition process 
and results system, as 

appropriate. 
Records and observations on Laboratory record Throughout Reviewed and summarized to 
decon use books implementation of support data interpretation 

decon technology; 
during discussions with 
decon vendor 

8.2 Calculation Procedures 

8.2.1 Data Screening 

ANOV A models will be fitted to the residual extraction, contact transfer, and offgas results for 

each agent (TGD, HD, and VX). Factors to be included in the models will be material, agent, 

formaldehyde vapor concentration, and time, as appropriate. Data will be checked for normality 

and equal variance between groups and appropriate transformations (log) taken if necessary. 

Outliers with normalized residuals greater than three standard deviations will be considered for 

removal from the data. 
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The primary assessment of efficacy will rely upon comparing the concentration of the target 

agent or surrogate on the test coupons, before and after the application of the decontamination 

technology. For chemical agents and surrogates, efficacy (E) in percent will be calculated as 

E = (Co - Cr)/Co•l 00% (3) 

where C0 is the concentration of agent or surrogate before decontamination (determined from the 

control coupons of each surface material) and Cr is the concentration on the test coupons after 

decontamination . 

For biological agents and surrogates, decontamination efficacy will be calculated as the log 

reduction in viable organisms achieved by the decontamination technology. That is, efficacy (E) 

for biological agents or surrogates will be calculated as 

(4) 

where N° is the number of viable organisms present on the control coupons (i.e. , those not 

subjected to decontamination), and N is the number of viable organisms present on the test 

coupons after decontamination. 

A separate efficacy calculation will be made for each of the surface materials, with each 

chemical agent/biological agent/surrogate. In addition, since each surface material will be 

represented by multiple sample coupons of that material in the efficacy tests, each combination 

of a material and an agent/surrogate will result in multiple values of percent efficacy or log 

reduction. For each material and agent/surrogate combination, a mean and range of the efficacy 

values will be reported. Thus, the primary efficacy results from the coupon testing will be a 

matrix table in which each entry shows the mean and range of efficacy results for one ofthe 

agents/surrogates on one of the surface materials. 
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The contact transfer of chemical agent is calculated based on the amount of agent transferred to 

the sampler and the surface area sampled. Contact transfer (CT) is calculated according to 

Equation 5: 

CT=M 
A 

(5) 

where M is the mass of agent (in mg) collected on the latex contact surface of area A (in cm2
). 

The units ofCT thus are mg/cm2
• 

The effectiveness with which the decontamination technology reduces the chemical contact 

transfer will be calculated in a manner analogous to Equation 3, i.e. : 

Ecr = (CTo- CTr)/CTo•IOO (6) 

where Ecr is the percent efficacy for reducing contact transfer, and CTo and CT rare the contact 

transfer rates determined from the control and test coupons, respectively. 

The residual contact hazard is estimated based on the contact transfer, the surface area contacted, 

and the estimated hazard level for the percutaneous exposure to chemical agents. Criteria for 

contact hazard estimation are defined in the NBC Contamination Survivability Criteria for 

Military Equipment.<5l This document defines negligible risk percutaneous contact transfer 

values for chemical agents, with negligible risk defined as mild incapacitation for 5 percent of 

the military personnel. These values are listed below. Much lower levels would have to be 

established for the general public since these numbers reflect battleground risks. 

• GO: 30 mg/70-kg man 

• VX: 1.4 mg/70-kg man 

• HD: 180 mg/70-kg man. 
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8.2.4 Offgas Flux 

The offgas flux is calculated based on the amount of agent transferred to the sampler and the 

surface area sampled. Offgas flux (OF) is calculated according to Equation 7: 

OF=~ 
A• T 

(7) 

where M is the mass of agent (in mg) collected on the sorbent tube or in the impinger over the 

sampling interval T (in minutes), due to offgasing from the contaminated surface area A (in 

cm2
). Thus the units ofOF are mg/cm2/min. 

The effectiveness with which the decontamination technology reduces the chemical vapor 

offgasing will be calculated in a manner analogous to Equation 3, i.e.: 

EoF = (OFo- 0Fr)/OF0 •100 

where EoF is the percent efficacy for reducing the vapor off gas flux, and OF o and OF rare the 

contact transfer rates determined from the control and test coupons, respectively. 

(8) 

The agent vapor hazard is estimated based on the offgas flux and assumed exposure time, room 

ventilation, material surface area, and the hazard level for the vapor exposure to chemical agents. 

Possible criteria for vapor exposure are listed below:<4l 

• GD: 0.00000 I mg/m3 

• HD: 0.003 mg/m3 

• VX: 0.000003 mg/m3
. 

8.3 Data Review 

Records generated during verification testing will receive a one-over-one review before these 

records are used to calculate, evaluate, or report verification results. These records may include 

laboratory record books, completed data sheets, or reference method analytical results. This 

review will be performed by a Battelle technical staff member other than the person who 

originally generated the record. Testing staff will be consulted as needed to clarify any issues 
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about the data records. The review will be documented by the person performing the review by 

adding his/her initials and date to a hard copy of the record being reviewed. This hard copy will 

then be returned to the Battelle staff member who generated or who will be storing the record. 

8.4 Reporting 

The efficacy calculations described in Section 8.2, the assessment of material damage, and other 

observations during verification testing will be compiled in a verification report. The verification 

report will present all the test data, supporting information on the measurement methods, as well 

as the quantitative evaluation of the test re~ults. The verification report will briefly describe the 

ETV Building Decontamination Technology Center and will describe the procedures used in 

verification testing. The results of verification testing will then be stated quantitatively, without 

comparison to any other technology, or any comment on the acceptability of the technology ' s 

performance. The preparation of the draft verification report, the review of the report by vendors 

and others, the revision of the report, the final approval, and the distribution of the report will be 

conducted as stated in the QMP(J) for this Center. Preparation, approval, and use of the 

verification statement summarizing the results of the testing will also be subject to the 

requirements of that same QMP. For a technology undergoing testing with both biological and 

chemical contaminants separate verification reports will be prepared on those two tests. 
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All participants in verification testing (i.e., Battelle, EPA, and vendor staff) will adhere to the 

security, health, and safety requirements of HMRC and MREF. Vendor staff will train test 

personnel in the use of their decontamination technology, but will not be the technology users 

during the testing. For reasons of safety and controlled access at the West Jefferson facilities, 

vendor staff may be able to observe some test procedures, but will not conduct any of the testing 

activities. 

9.1 Access 

Access to restricted areas ofthe West Jefferson facilities will be limited to staff who have met all 

the necessary training and security requirements. The existing access restrictions of the facilities 

will be followed, i.e. , no departure from standard procedures will be requested for verification 

testing. 

9.2 Potential Hazards 

Verification testing conducted under this plan will involve the use of extremely hazardous 

chemical and biological materials. Use of those materials must only be implemented in properly 

certified surety facilities, capable of handling such materials safely. 

In addition, surrogate materials used in such verification testing may also be toxic and must be 

used with appropriate attention to good laboratory safety practices. 

9.3 Training 

Because of the hazardous materials that will be involved in testing conducted under this plan, 

documentation of proper training and certification of the test personnel is mandatory before any 

testing takes place. The Battelle Quality Manager or counterpart at the West Jefferson facilities 

will assure that such training is documented for all test personnel before allowing testing to 

proceed. 
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All visiting staff at the test facilities will be given a site-specific safety briefing prior to the start 

of any test activities conducted under this plan. This briefing will include a description of 

emergency procedures. Testing procedures must follow all specified safety practices at all times. 

Any report of unsafe practices, by those involved in testing or by other observers, shall be 

grounds for stopping testing until the appropriate facility safety officer and testing personnel are 

satisfied that unsafe practices have been corrected. 
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APPENDIX A 

TESTPERFORMANCECONTROLSHEETS 

TEST COUPON SAMPLE FORM 



TEST PERFORMANCE CONTROL SHEETS 

CONTACT/EXTRACT TEST 

DATE OPERATOR 
TRIAL # ASSISTANCE 
AGENT RECORDER 

SPIKE CONTROLS 
MATERIAL AGENT DROPS EXTRACT SAMPLE ID 

VOLUME 
GLASS 
GLASS 
GLASS 

POSITIVE CONTROLS (NOT DECONTAMINATED) 

MATERlAL REP AG ENT COUPON ID 
TYPE APPLIED EXTRACTED 

DROPS TIME TIME VOLUME 
A 1 
A 2 
A 3 
B I 
B 2 
B 3 
c I 
c 2 
c 3 
D I 
D 2 
D 3 



TEST SAMPLES 
MATERIAL REP AGENT FORMALDEHYDE CONTACT EXTRACT 
TYPE APPLIED VAPOR TRANSFER 

GENERATION 
DROPS TIME START END TIME VOLUME TIME VOLUME 

A I 
A 2 
A .... 

.) 

B I 
B 2 
B 

.., 

.) 

c I 
c 2 
c 3 
D I 
D 2 
D 

.., 

.) 

A NONE 
B NONE 
c NONE 
D NONE 



TEST PERFORMANCE CONTROL SHEETS 

OFFGASTEST 

DATE OPERATOR 
TRIAL# ASSISTANCE 
AGENT RECORDER 

SPIKE CONTROLS 
MATERIAL AGENT DROPS EXTRACT SAMPLE ID 

VOLUME 
GLASS 
GLASS 
GLASS 

TEST SAMPLES 
MATERJAL REP AGENT FORMALDEHYDE OFFGAS SAMPLE 
TYPE APPLIED VAPOR 

GENERATION 
DROPS TIME START END INTERVAL INTERVAL INTERVAL VOLUME 

(TBD) (TBD) (TBD) 
A I 
A 2 

A 3 
B I 
B 2 
B 3 
c I 
c 2 
c 3 
D I 
D 2 
D 3 
A NONE 
B NONE 
c NONE 
D NONE 
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Study No. 0604302 
Method No. SO/Microbiology 
QC Review By/Date: 
Tech Review By/Date: 

Test Coupon 
Description 

TEST COUPON SAMPLE FORM 

Bacillus -----------

Spore Lot No. --------

Spore Source:----------

• .) •• •• • • •• ' • .. J •• • ~ • • • • • • • • • • • • • • • • • • • ••• • • • •• J · ---· S Parameters: Air Flow Rate = ______ SCFM 

Injection Rate= g/m in 

• Expo~urp. Til;ne = min 
• Enc~osure Ci~errtraQqn,~ mg/L 
• .f'e~ellt Satur~on = % 

Time Spores Added 
Heat-Shock Extract 

Comments/Observations (e.g., Color, Reflectivity, Apparent Roughness) 
from ... 




